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MUTANTS 

CONTRIBUTIONS  FROM  THE  HULL  BOTANICAL  LABORATORY 

XCIII 


Since  my  previous  paper'  went  to  press,  in  which  were  described  the 
conditions  of  abortive  pollen  development  in  O.  lata,  as  well  as  some 
of  the  stages  in  pollen  development  in  the  O.  Lamarckiana  hybrid 
obtained  by  crosang  O.  lata  with  O.  Lamarckiana  pollen,  further 
investigations  have  placed  in  a  new  light  the  situation  in  regard  to  the 
number  of  chromosomes  in  the  Oenothera  mutants  and  hybrids 
studied.  The  further  facts  obtained  have  disclosed  quite  a  different 
condition  from  the  one  anticipated,  and  one  which  is  at  present  wholly 
inexplicable,  and  apparently  quite  unique  so  far  as  chromosomes  are 
concerned,  though  it  is  to  be  expected  that  fuller  knowledge  of  the 
facts  will  bring  an  explanation  of  the  situation.  Since  the  facts,  so 
far  as  known  at  present,  appear  to  be  most  directly  concerned  with 
Oenothera  hybrids,  a  brief  account  of  the  forms  of  hybridization 
among  the  Oenothera  mutants,  as  developed  by  the  very  extensive 
hybridizing  experiments  of  DeVries,*  will  first  be  necessary. 

FORMS   OF  OENOTHERA  HYBRIDS 

In  general,  DeVries'  experiments  appear  to  disclose  at  least  three 
main  forms  or  types  of  hybridization  in  the  Oenothera  mutants: 
(i)  hybrids  between   a  mutant  and  the  parent  O.  Lamarckiana; 

•  Gates,  R.  R.,  Pollen  developmeiil  in  hybrids  of  Oenoltiera  lata  X  O.  Lamarck- 
iana, and  its  relation  to  mutation.     BoT.  Gazette  43:81-115.  ph.  2-4.  1907. 
■  DeVues,  Hugo,  Die  Mutationstlieorie,  Vol.  II.   1903. 
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(z)  hybrids  between  two  mutants;  (3)  ordinary  Mendelian  hybrids, 
which  appear  in  some  of  the  mutant  crosses.  These  can  only  be  con- 
sidered as  general  tendencies,  however,  for  the  results  vary  widely  in 
many  of  the  crosses,  both  in  the  number  and  the  percentage  of  the 
types  appearing.  DeVries  has  also  been  able  to  vary  the  results 
experimentally  in  a  number  of  cases.  Crosses  in  which  a  mutant  is 
involved  he  calls  mutation  hybrids  (Mulaiionskreuzungen),  and  hybrids 
of  exactly  this  character  do  not  occur,  so  far  as  I  know,  in  any  other 
genus  of  plants  or  animals. 

The  conspicuous  types  of  hybridization  in  Oenothera  are  as  fol- 
lows: When  O-  Lamarcktana  is  crossed  with  a  mutant,  in  the  case  of 
several  of  the  forms  DeVries  experimented  upon,  a  hybrid  is  pro- 
duced which  splits,  but  differs  from  a  typical  Mendelian  hybrid  in 
three  respects,  (i)  A  heterozygote,  showing  only  the  characters  of  the 
dominant  parent,  and  containing  the  recessive  characters  latent,  is 
not  formed  in  the  &rst  hybrid  generation,  but  instead  the  two  parent 
forms  are  produced.  (2)  The  proportions  of  the  offspring  are  not 
always  about  3:1  as  in  a  Mendelian  hybrid,  but  the  percentage  of 
plants  having  the  recessive  characters  (the  mutants  are  recessive  to  the 
parent  O.  Lamarckiana)  often  fluctuates  between  o  and  50  per  cent., 
or  even  with  wider  range.  This  distinction  is  believed  to  be  less 
important,  as  fluctuations  in  the  percentage  of  the  forms  are  known  to 
occur  in  some  Mendelian  hybrids.  (3)  A  still  more  striking  difference 
is  that,  while  in  a  Mendelian  hybrid  two-thirds  of  the  dominant  plants 
continue  to  split  in  the  proportions  of  3:1  in  successive  generations, 
both  the  forms  produced  in  a  mutation  hybrid,  or  cross  of  O. 
Lamarckiana  with  a  mutant,  breed  true  and  show  no  splitting.  There 
is  thus  no  external  evidence  that  crossing  has  ever  occurred.  This  type 
of  hybrid  appears  when  O.  lata,  O.  nanella,  or  O.  rubrinervts  is  crossed 
with  O.  Lamarckiana.  The  following 
diagram  will  make  clear  the  distinc- 
--.,,^^        ^,^  tions   between   this   and  an   ordinary 

^^^IXT'  Mendelian  hybrid.     A   represents  the 

-""'''^     ^"""^  characters  of  O.  Lamarckiana  in  fig.  i, 

_  ,  and  of  the  dominant  parent  in  fig.  z.   B 

(0-50%  orinore)  .   ,l      l         .         ,        \     .■ 

Constant  Constant        represents  the  characters  of  a  mutant  in 

Fro  I— Muutkm  hj-brid        fig- 1,  and  of  the  recessive  parent  in  fig.2. 
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Hetenwygote   A(B 


A  A(B)  B 

(.35%)  (50%)  (as%) 

Constant  Splitting  Constant 

ETtncied  domiiuat  HvteroKTPMc        Enlncted  rfcaaiiv 

Fia.  a. — Mendelian  hybrid 

Two  significant  exceptions  to  this  form  of  hybrid  among  the 
mutants  are  foimd  in  O.  brevistylis  and  O.  laevijolia,  which  never 
appeared  as  mutants  in  DeVries'  cultures,  although  he  beUeves  them 
to  have  formerly  mutated  from  O.  Lamarckiana.  They  form  with 
O.  Lamarckiana  ordinary  Mendelian  hybrids. 

The  fact  that  the  percent^e  of  a  mutant  appearing  in  a  cross  can 
be  experimentally  varied  in  different  ways  is  also  of  importance  in 
this  connection.  Thus  the  percentj^e  of  the  parent  forms  appear- 
ing in  a  cross  varies  with  the  position  on  the  stem  of  the  particular 
flowers  crossed.  The  plants  bloom  from  below  upward  on  the  stem, 
and  DeVRiES  observed  that  after  the  first  few  weeks  of  blooming 
there  is  a  steady  and  marked  decrease  in  the  size  of  the  flowers  bloom- 
ing, until  at  the  dose  of  the  season  they  are  but  little  latter  than  those 
of  O.  biennis.  I  have  observed  the  same  thing  in  my  own  cultures 
from  seeds  of  DeVries  at  Woods  Hole,  Mass.  At  the  end  of  Sep- 
tember many  of  the  plants  were  still  blooming  vigorously  at  the  top, 
and  the  flowers  were  little  if  any  larger  than  those  of  O.  biennis. 
When  pollen  from  a  mutant  is  used  to  cross  with  O.  Lamarckiana,  if 
it  is  obtained  from  the  earlier  flowers  of  the  season,  that  is  from  the 
larger  and  more  vigorous  flowers  which  are  lower  on  the  stem,  the 
heredity-coefficient,*  or  percentage  of  the  mutant  appearing  in  a  cross, 
will  be  larger  than  if  later  and  smaller  flowers  are  used.  Similariy 
the  heredity-coefficient  (ErbzafU)  of  flowers  on  the  adc  branches  of 
O.  lata  when  crossed  with  O.  Lamarckiana  is  said  to  be  less  than  that 
s  an  English  equivalent  for  the  German  ErbaM  and 
it  of  the  paper. 
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of  flowers  on  the  main  axis  (DeVries  I.  c.  2:416).  The  heredity- 
coeffident  of  a  mutant,  when  the  large  earlier  flowers  are  used,  appears 
to  be  a  fairly  constant  quantity  and  to  be  usually  or  at  least  frequently 
near  the  Mendelian  ratio,  though  it  may  often  fluctuate  in  individual 
crosses  of  flowers  from  o  to  about  50  per  cent.  Thus  the  heredity- 
coefficient  of  O.  lata  is  often  21-34  P^r  cent.,  and  that  of  O.  nanella  is 
practically  the  same.  This  percentage  is  said  to  remain  about  the 
same  from  generation  to  generation  and  to  be  independent  of  the 
pollen  parent;  but  in  crosses  of  single  flowers  the  percent^e  may 
vary  widely.  Thus  39  crosses  of  O.  Lamarckiana  flowers  were  made 
with  O.  nanella  pollen,  and  the  seeds  from  the  diS'erent  flowers  sown 
sepM-ately.  The  proportions  of  O.  nanella  obtained,  that  is  the 
heredity-coefficient,  varied  from  i  to  48  per  cent.,  the  average  for  the 
total  number  of  3768  seedlings  being  about  17  per  cent.  (DeVries 
/.  c.  2:4081. 

The  proportions  of  the  parents  appearing  in  a  cross  also  fluctuate 
from  other  causes.  In  crossing  O.  Lamarckiana  with  O-  nanella 
pollen,  in  one  experiment  when  90-100  seedlings  were  produced  from 
one  ovary  the  proportion  of  O.  nanella  was  44  per  cent.,  but  when  the 
number  of  seedlings  produced  from  an  ovary  was  only  30-40,  the 
proportion  of  O.  nanella  was  reduced  to  10  per  cent.  The  quantity 
of  pollen  used  in  a  cross  also  influences  the  offspring,  and  the  profxir- 
tions  may  be  varied  by  experimental  methods.  Thus  in  one  experi- 
ment (DeVries  /.  c  2:417),  all  of  the  4-8  lobes  of  the  stigma  of  O. 
Lamarckiana  flowers  were  removed  except  one  lobe  or  a  small  portion 
of  one.  They  were  then  rather  sparingly  pollinated  with  O.  nanella 
pollen  (one  flower  being  used  to  pollinate  several),  and  of  1593  seed- 
lings produced  from  8  O.  Lamarckiana  plants  whose  flowers  were 
thus  treated,  all  were  O.  Lamarckiana.  In  another  experiment  all 
of  the  stigma  was  removed  but  one  lobe,  and  of  1687  seedlings  ob- 
tained only  about  2  per  cent,  were  O.  nanella.  Other  experimental 
means  of  varying  the  results  of  a  cross  need  not  be  mentioned  here. 
But  that  such  results  caji  be  obtained  is  of  the  greatest  interest  and 
suggests  a  line  of  inquiry  as  to  the  nature  of  the  factors  determining 
what  forms  will  appear  in  a  cross.  This  may  also  have  a  bearing  on 
the  determination  of  the  chromosome  number,  though  just  what  the 
connection  may  be  cannot  be  guessed  at  present. 
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When  two  mutants  are  crossed  the  results  show  a  much  greater 
variation  in  numbers  and  forms.  In  some  cases  four  types  are  pro- 
duced in  the  F„  though  one  or  more  of  these  types  may  be  absent  in 
any  cross.  O.  laiaxO.  nanelia  may  be  taken  as  an  example.  In 
one  experiment*  the  F,  showed :  O.  lata  30  per  cent.,  O.  Lamarckiana 
18  per  cent.,  O.  nanelia  47  per  cent.,  O.  naneUa-lata  5(  ?)  per  cent. 
The  constant  intermediate  hybrid  type  O.  nandla-lata  is  usually 
absent  from  this  cross,  and  the  percent^e  of  the  other  types  may 
vary  widely.  The  O.  Lamarckiana  and  O.  nanelia  hybrids  from  this 
cross  breed  true,  as  does  also  O.  nanella-laia  when  present.  Since 
O.  lata  does  not  mature  its  pollen,  its  constancy  cannot  be  tested  by 
self-pollination. 

One  other  instance  of  a  cross  between  two  mutants  (O.  rubri- 
nervisxO.  nanelia)  will  be  given,  to  show  the  complexity  and  variety 
of  the  results. 


I 


(ir^>%) 
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In  this  case  (DeVbies  /.  c.  2:451)  O.  Lamarckiana  and  O.  rubri- 
nervis  were  produced  in  the  first  hybrid  generation,  the  latter  on  self- 
pollination  producing  (i)  O.  Lamarckiana,  which  was  constant;  (2)  O. 
rubrinervis,  part  of  which  were  pure  and  part  split  into  O.  Lamarck- 
iana, O.  rubrinervis,  and  O.  naneUa-rubrinervis  as  in  the  previous 
generation;  {3)  O.  nanelia,  whose  constancy  was  not  tested;  (4) 
O.  nandla-rubrinervis,  which  bred  constant  through  three  g«iera- 
dons.  The  form  O.  naneUa-rubrinervis  is  an  intermediate  type 
between  O.  rubrinervis  and  O.  nanelia;  it  has  never  appeared  as  a 

4  DbVbies,  Hugo,  Ueber  erbungleiche  Kreuzungen.  B«r.  DeuUc^-  Bot.  Geulls. 
18:435.^443.  1900. 
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mutation  or  in  the  &rst  hybrid  generation,  but  apparently  arises  only 
from  self -fertilized  hybrids  of  the  second  or  later  hybrid  generations. 

In  these  crosses  it  should  be  said  that,  while  constancy  of  the 
forms  appearing  in  the  F,  is  the  rule,  exceptionally  in  one  of  the  types 
which  ordinarily  breeds  true  an  individual  may  appear  whose  pn^eny 
repeat  the  two  types  of  the  grandparents,  thus  showing  a  tendency  to 
continue  splitting  (DeVries  /.  c.  2:423). 

Shull's'  recent  work  on  hybridization  in  the  elementary  species 
of  Bursa  (Capsella)  shows  that  these  produce  ordinary  Mendelian 
hybrids  in  no  way  comparable  to  Oenothera  hybrids.  In  fact  I  think 
it  is  safe  to  say  that  no  genus  of  plants  or  animab  is  known  in  which 
the  conditions  of  hybridization  are  strictly  comparable  to  those  found 
in  Oenothera.  This  peculiar  type  of  hybridization  is  not  confined 
to  O.  Lamarckiana  and  its  mutants,  but  ordinarily  appears  when  a 
mutant  is  crossed  with  another  member  of  the  genus,  as  O.  murkala, 
O.  biennis,  O-  kirtella,  O.  swtveolens,  O.  kirsulissima.  In  such  cases 
the  first  hybrid  generation  usually  contains  both  the  parent  forms  ia 
widely  varying  proportions,  and  these  in  the  F,  are  found  to  breed 
^^ue.  Thus  the  same  type  of  hybrid  is  produced  as  is  usual  when  a 
mutant  is  crossed  with  O.  Lamarckiana. 

The  phenomena  of  hybridization  ih  Hieracium  are  more  neariy 
like  those  of  Oenothera  than  any  other  genus,  so  far  as  I  know. 
Mendel's*  original  work,  continued  recently  by  Ostenfeld,'  has 
given  us  a  view  of  the  hybridization  conditions  in  this  genus.  Mek- 
DEL  showed  in  a  number  of  Hieracium  crosses  that  the  F,  is  hetero- 
geneous, including  some  intermediate  types  and  some  very  near  to  or 
indistinguishable  from  the  parents.  In  the  case  of  H.  praealtumX 
H.  ftageilare,  the  F,  obtained  by  self-pollinating  the  hybrids  of  the 
F,  was  shown  to  be  the  same  as  the  F,,  all  the  forms  of  the  latter 

5  Shull,  G.  H.p  Elemenlary  species  and  hybrids  in  Bursa.  Science  35:590- 
591.   1907. 

<  Mendel,  G.,  Ueber  einige  bus  kUnsllicher  Befruchlung  gewachsene  Hieracium- 
Baslarde.     Verb.  Nalurf.-Vcreins.  Briinn.  8:26-31  (Abhandlungen).   i86g. 

'  OslENFELD,  C.  H.p  Castration  and  hybridization  in  the  genus  Hieracium.  Rep. 
3d  Inlemat,  Conf.  on  Genetics.     Jour.  Roy.  Hon.  Soc.  London  34:285-188.      1900. 

,  Experimenul  and  cytological  studies  in  ihe  Hieracia.     I.  Castration  and 

hybridization  eiperiments  with  some  species  of  Hieracia.     Hot.  Tidssk.  37:235-348. 

pi.  I.  1906. 
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breeding  true.  Ostenfeld*  first  showed  the  presence  of  apogamy 
in  the  genus  by  castration  experiments.  Mukbeck**  has  ^nce  found 
that  the  egg  in  these  cases  develops  the  embryo  parthenogenetically. 
The  absence  of  fertilization  in  some  cases  is  thus  a  factor  at  least 
in  the  peculiar  form  of  hybridization.  Ostenfeld'  has  recently 
extended  these  studies  to  a  considerable  number  of  species.  Among 
other  species  he  has  shown  by  castration  experiments,  confirmed  by 
the  cytological  investigations  of  Rosenberg,'"  that  H.  exceUens  is 
partly  parthen(^cnetic  and  partly  develops  normally  fertilized  eggs; 
its  pollen  is  also  sterile.  Rosenberg  found  in  this  form  the  interest- 
ing condition  which  he  calls  apospory,  where  a  cell  of  the  nuceUus 
enlarges  and  obliterates  the  normally  formed  tetrad  of  megaspores. 
This  cell  completes  the  embryo  sac  morphology  and  the  egg  develops 
without  fertilization.  More  rarely  apogamous  embryo  sacs  are 
formed,  as  in  Taraxacum.  Usually,  however,  normal  tetrad  forma- 
tion, with  reduction  of  chromosomes,  takes  place,  followed  by  fer- 
tilization. Part  of  the  plants  produced  in  a  cross  are  then  pure  H. 
excdlens  produced  from  apogamous  or  aposporous  embryo  sacs  and 
part  are  real  hybrids. 

The  similarity  of  this  form  of  hybrid  to  the  O.  lataxO.  Lamarck- 
iana  cross  suggests  the  presence  of  apogamy  in  O.  lata  also,  though 
it  is  highly  improbable  that  this  can  explain  all  the  phenomena  of 
hybridization  concerned.  In  the  latter  cross  only  the  two  parent 
types  are  produced  and  the  O.  Lamarckiana  breeds  true,  while  in  the 
Hieracium  cross  several  types  are  produced  intermediate  between  the 
parents,  in  addition  to  the  pure  H.  exceUens,  but  experiments  of 
Ostenfeld  have  not  yet  been  carried  far  enough  to  determine  the 
character  of  later  generations,  and  the  number  of   plants  he  has 

"  Ostenfeld,  C.  H.,  Zur  Kennmis  der  Apogamie  in  der  Gattung  Hieracium. 
Ber.  Deutsch.  Bot.  Gesetls.  21:376-381.   1904. 

,  Weilere  Beilrage  zur  Kenntnis  der  Fruchtentwickelung  bei  der  Gattung 

Hieracium.  Idem  537-541. 

■  Mdrbeck,  S.,  Parthenogenese  bei  den  Gattungen  Taraxacum  und  Hieracium. 
Bot.  Notiser  1904:185-396. 

'"  Rosenberg,  O.,  Ceber  die  Embryobildung  in  der  Gattung  Hieracium.  Ber. 
Detistch.  Bot.  Gesells.  34:157-161.  pi.  11.  1906. 

■»  '•« ,  Enpenmental  and  cytological  studies  in  the  Hieiacia.     11,  CyaAofpcaX 

studies  on  the  apogamy  in  Hieracium,  Boi.  Tidssk.  aS;  143-1 70.  pts.  j-e.  1^7. 
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obtJuned  from  seeds  has  been  in  some  cases  too  small  for  entirely 
sadsfactoiy  results. 

The  Oenothera  and  Hieradimi  hybrids  mentioned  may  be  said  to 
resemble  each  other  in  that  in  both  the  F,  is  heterogoieous,  though 
the  types  of  which  the  F,  is  composed  differ  in  the  two  crosses, 
agreeing  only  in  that  one  of  the  types  in  each  is  the  pure  mother  parent. 
The  abortive  character  of  the  pollen  in  O.  lata  may  also  be  said  to 
favor  rather  than  otherwise  the  probaWlity  of  apc^amy  in  this  species, 
as  it  is  well  known  that  apogamous  species  frequently  do  not  mature 
their  pollen.  This  suggestion  of  apogamy  in  O.  lata  will  be  examined 
in  another  light  in  connection  with  the  discussion  of  the  number  of 


Mulahdet's"  "false  hybrids"  in  Fragaria  and  Rubus,  in  which 
only  one  of  the  parent  types  (usually  the  mother)  is  produced  in  the 
hybrid,  and  this  breeds  true,  may  possibly  be  regarded  as  extreme 
cases  of  the  same  type  of  hybrid  as  some  of  the  Oenothera  crosses. 

Hurst,"  among  a  large  number  of  crosses  of  orchids  which 
showed  many  types  of  hybridization,  foimd  eleven  crosses  between 
different  genera  in  which  only  one  of  the  parent  types  was  reproduced, 
this  being  in  every  case  the  mother  (p.  104).  Large  numbers  of  the 
hybrids  were  grown  in  some  cases.  He  concluded  that  in  at  least 
eight  of  these  "false  hybrids"  self-pollination  was  impossible,  and 
that  the  embryos  probably  developed  apogamously,  periiaps  on 
account  of  the  stimulus  from  the  presence  of  foreign  pollen  tubes  in 
the  ovary,  but  without  fertilization.  Oenothera  itself  may  produce 
hybrids  of  this  type.  Thus  DeVsies  found  that  O.  Lamarckiana  $ 
XO.  biennis  S  gives  only  O.  biennis  in  the  F,  and  F,  (/.  c.  2:31). 
This  cross  made  in  the  New  York  Botanical  Gardens,  however,  gave 
in  addition  to  several  O.  Lamarckiana  plants,  which  MacDougal" 
thinks  probably  came  from  foreign  Lamarckiana  pollen,  four  types, 
none  of  which  were  the  same  as  either  parent.  Thus  entirely  different 
results  may  be  obtained  under  differmt  conditions. 

>■  MiLLAKDET,  M.  A.,  Note  aur  Thybridation  sana  croissemeot  ou  fausse  hybrid- 
aifcin.     Mem.  Soc.  Sci.  Phys.  et  Nat.  Bordeatuc  IV.  4:347-373-  1894. 

■>  HuKST,  C.  C.,  Notes  on  some  experiments  in  hybridizatioii  and  cross-breeding. 
Jour.  Roy.  Hort.  Soc,  London  I4:gt>-i96.  figt,  p-41.  1900. 

'>  MacDougal,  D.  T.,  Mutants  and  hybrids  of  the  Oenotheras.  Publ.  34,  Car- 
negie Institution,  Washington,  pp.  56.  fit.  22.   1905. 
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The  possilnlities  of  apogamy  in'  other  mutants  are  apparently  not 
so  good,  and  such  a  condition  seems  rather  unlikely,  especially  in  O. 
nanella,  where  some  c&  the  hybridization  results  practically  exclude 
the  possibility  of  apogamy  in  these  cases.  Thus,  O.  nanello  9  XO. 
biennis  $  gave  (DeVki£S/.c.  2:476)  in  two  crosses  554  plants,  none  of 
which  were  O.  nanella;  white  the  reciprocal  cross  gave  96-100  per 
cent,  O.  nanella  among  356  plants.  Hence  in  both  cases  the  pollen 
parent  was  practically  the  only  form  appearing  in  the  F,,  so  that 
apogamous  embiyoe,  at  least  of  any  kind  known  at  present,  could  not 
have  been  formed. 

THE  NUUBEKS  OF  CHROHOSOICES 

In  my  earlier  paper'  it  was  shown  that  the  sporophyte  number  of 
chromosomes  in  O.  lata  is  fourteen,  while  in  the  O.  Lamarcktcna 
plants  appearing  in  the  first  hybrid  generation  from  a  cross  with  O. 
lata'*  the  number  is  at  least  twenty.  It  was  assumed  therefore  that 
the  pure  O.  Lamarckiana  parent  had  at  least  twenty  chromosomes  as 
the  sporophyte  number.  Examination  has  shown,  however,  that  in 
the  pure  O.  Lamarckiana  the  sporophyte  number  is  fourteen.  This 
creates  a  remarkable  and  unexpected  situation,  which  may  be  illus- 
trated thus : 

O.  lata  O  L-imankiana 


Fro.  3 

Two  plants,  whose  gametophyte  number  of  chromosomes  is^seven, 
when  crossed  give  rise  in  the  first  hybrid  generation  to  the  two  parent 
forms,  one  of  which  has  fourteen  chromosomes  as  the  sporophyte 
number,  while  the  other  has  twenty  or  twenty-one. 

In  O.  lata  the  count  of  chromosomes  was  made  in  the  pollen 
mother  cells  and  found  to  be  fourteen.  It  has  since  been  made  in 
various  somatic  tissues  of  the  fiower,  and  is  found  to  be  constantly 

'*  For  the  s&ke  of  brevity  I  shall  refer  to  the  O.  Lamarckiana  plaata  appearing 
from  floweis  of  O.  iata  pollinated  by  O.  Lamarckiana  as  "  tbe  Lamarckiana  hybrid." 
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fourteen  so  far  as  observed.  There  has  been  no  indication  whatever 
that  the  number  is  ever  higher.  In  the  Lamarckiana  hybrid  it  has 
been  found  from  a  number  of  counts  in  the  floral  tissues  that  the 
number  of  chromosomes  i  n  the  somatic  tissues  is  twenty  or  twenty-one, 
and  I  have  foimd  no  reason  to  think  it  varies.  In  the  pollen  mother 
cells  the  number  of  chromosomes  in  the  metaphase  and  anaphase  of 
the  heterotypic  mitosis  is  usually  twenty  or  twenty-one,  Occa^onally 
the  number  in  eariy  anaphase  appears  to  be  less,  but  this  may  be  due 
to  a  tardy  separation  of  some  of  the  paired  chromosomes  in  the 
equatorial  plate;  further  study  is  required  to  determine  this  point.  A 
large  number  of  telophases  of  this  mitoas  were  coimted  which  showed 
ten  chromosomes  each.  In  one  case  there  appeared  to  be  eleven 
chromosomes  in  a  telophase,  though  the  greater  majority  at  least 
show  ten  in  each  daughter  nucleus.  Occasionally  a  chromosome  lags 
behind  in  the  equator  of  the  spindle  until  late  anaphase,  and  this  may 
make  the  number  twenty-one.  Such  a  case  is  figured  in  my  former 
paper  {pi.  4,  fig.  39).  This  is  not  always  the  case,  however,  as  shown 
by  jig.  j8,  in  which  there  are  ten  chromosomes  in  each  daughter 
nucleus,  but  none  left  behind  in  the  equator  of  the  spindle.  It  is 
possible  that  a  single  unpaired  chromosome  might  be  present  in  meta- 
phase  and  be  lost  in  the  cytoplasm  as  the  paired  chromosomes  sepa- 
rated and  went  to  the  poles.  It  is  certain  that  in  many  pollen  mother 
cells  ten  chromosomes  go  into  each  daughter  nucleus  in  the  hetero- 
typic mitosis.  Whether  the  number  in  the  somatic  tissues  is  twenty 
or  twenty-one  has  not  been  determined  with  certainty,  as  it  is  a  matter 
of  very  considerable  difficulty.  The  further  discussion  will  reveal 
the  reason  for  suggesting  that  the  sporophyte  number  of  chromo- 
somes in  the  Lamarckiana  hybrid  is  twenty-one  rather  than  twenty. 
O.  Lamarckiana,  the  parent,  has  fourteen  chromosomes  as  the 
sporophyte  number,  so  far  as  the  plants  have  been  examined.  This 
count  was  made  constantly  in  the  floral  tissues.  The  homotypic  mito- 
sis in  the  pollen  mother  cell  shows  seven  chromosomes  constantly  so 
far  as  observed,  a  large  number  of  counts  being  made  in  various 
stages  of  this  mitosis.  It  is  doubtless  true  that  chromosome  counts  as 
ordinarily  made  come  from  a  very  few  individuab.  In  the  case  of  the 
Lamarckiana  hybrid  I  have  examined  material  from  two  individuals 
and  from  different  fiowers  in  each;    these  plants  were  grown  in 
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different  seasons.  In  every  count  the  number  of  chromosomes  in  the 
somatic  tissues  has  been  twenty  or  twenty-one,  though  I  have  been  as 
yet  unable  to  determine  with  certainty  between  these  two  numbers. 
Any  cytologist  is  acquainted  with  the  fact  that  one  region  of  a  chromo- 
some group  is  likely  to  be  obscure  enough,  owing  to  close  aggregation 
of  the  chromosomes,  to  prevent  absolute  certainty  in  making  a  count 
of  the  exact  number,  unless  the  number  of  chromosomes  happens  to 
be  a  small  one.  The  evidence  already  mentioned  shows  beyond  a 
doubt  that,  in  the  large  majority  of  cases  at  least,  ten  chromosomes 
enter  each  daughter  nucleus  in  the  heterotypic  mitosis,  though  it  may 
be  that  there  are  occasionally  eleven  chromosomes  in  one  of  the 
daughter  nuclei. 

Several  plants  of  O.  lata  and  the  pure  O.  Lamarckiana  have  been 
examined,  all  having  fourteen  chromosomes,  which  makes  it  probable 
that  fourteen  is  the  number  found  in  all  the  pure  individuab  of  these 
species,  and  twenty  or  twenty-one  the  number  found  in  all  the  indi- 
viduals of  the  Lamarckiana  hybrid.  But  it  will  be  necessary  to  deter- 
mine the  count  in  several  more  plants  of  each  of  these  races  before 
this  point  can  be  settled  with  certainty. 

It  will  be  of  interest  to  know  whether  the  number  of  chromosomes 
in  the  Lamarckiana  hybrid  remains  constant  in  later  generations,  and 
also  what  happens  when  the  Lamarckiana  hybrid  having  twenty  or 
twenty-one  chromosomes  is  crossed  with  O.  lata  or  with  pure  O. 
Lamarckiana  having  fourteen  chromosomes.  I  am  now  growing 
plants  from  crosses  made  in  last  season's  cultures,  which  it  is  hop>ed 
will  determine  these  interesting  points. 

THE  HETEROCHROMOSOUES 

In  my  former  paper'  (p.  gr),  large  rings  of  chromatin  were  des- 
cribed as  sometimes  occurring  in  the  pollen  mother  cells  of  O.  lata, 
cut  off  from  the  spirem  after  synapsis.  In  the  heterotyfuc  mitosis  in 
O.  lata  and  the  Lamarckiana  hybrid  small  bodies  are  found,  ring- 
shaped  (or  hollow)  but  of  the  same  size  as  the  chromosomes,  from 
which  they  are  otherwise  indistinguishable.  These  may  be  on  the 
spindle  or  in  the  cytoplasm,  as  described  in  that  paper.  It  was 
believed  that  the  smaller  ring-shaped  chromatic  bodies  were  condensed 
from  the  larger  rings  found  in  the  spirem  stage.    It  is  possible,  how- 


>v  Google 


12  BOTANICAL  GAZETTE  \jm.i 

ever,  that  the  latter  are  merely  irregularities  occurring  during  pollen 
degeneration  in  O.  lata,  for  it  is  well  known  that  a  variety  of  irregu- 
larities, in  addition  to  the  ones  described,  may  occur  in  synapsis  and 
the  reduction  mitosis  in  sterile  hybrids.  This  leaves  unexplained  the 
origin  of  these  bodies  called  heterochromosomes.  On  the  other  hand, 
the  evidence  from  staining  properties  and  from  other  considerations, 
as  given  in  the  paper  referred  to,  is  against  their  origin  from  nucleoli. 
The  same  bodies  have  since  been  found  in  the  reduction  mitoses  ia 
O.  Lamarckiana,  where  they  persist,  in  some  cases  at  least,  through 
both  mitoses  to  the  formatifm  of  pollen  tetrads.  For  the  present, 
therefore,  the  origin  and  possible  significance  of  these  bodies  may  be 
considered  to  be  a  matter  of  doubt,  in  regard  to  which  no  conclu^ons 
can  be  drawn  until  further  evidence  is  obtained. 

POSSIBLE  EXPLANATION  OF  THBi  CHROMOSOME  NUMBERS 

A  number  of  possible  explanations  of  the  origin  of  the  chromosome 
number  in  the  Lamarckiana  hybrid  wiU  at  once  occur  to  botanists.  It 
must  be  said,  however,  that  all  of  them  appear  unlikely,  and  no 
explanation  can  be  given  on  the  basis  oi  our  present  knowledge  in 
regard  to  chromosome  numbers-  It  is  to  be  expected  that  further 
investigation  will  disclose  the  sources  of  the  extra  chromosomes  in 
the  Lamarckiana  hybrid,  but  for  the  present  some  pos^biUties  may  be 
suggested. 

It  would  seem  more  probable,  because  more  in  accord  with  present 
views  of  chromosomes,  that  the  sporophyte  number  of  chrofnosomes 
in  the  Lamarckiana  hybrid  arises  at  the  time  (rf  fertilization  by  the 
union  of  nuclei  the  sum  of  whose  chromosomes  is  twenty-one,  than 
that  it  arose  through  the  subsequent  divisions  of  certain  chromo- 
somes. The  experimental  results  of  N6mec"  and  others,  in  which 
somatic  nuclei  are  made  to  fuse  and  subsequently  divide,  showing 
mitotic  figures  with  chromosomes  whose  number  is  the  sum  of  the 
number  of  chromosomes  in  the  nuclei  that  entered  the  original  fusion, 
indicate  the  [>ersistency  of  individual  chromosomes  in  such  cases. 
Such  results  increase  the  probability  that  the  number  of  chromosomes 
found  in  the  somatic  tissues  of  an  individual  arose  with  the  genesis 

■I  NBhec,  B.,  Ueber  die  Bedeutung  der  Cluomoaanienzahl.  Bull.  Inteinat. 
Akad.  Sd.  Bohtme  10:1-4.  I90<i. 
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of  the  individual  and  has  persisted  in  all  subsequent  cell  generations. 
Of  course  there  is  the  possibility  that  a  higher  number  of  chromo- 
somes might  originate  through  the  longitudinal  division  or  the  frag- 
mentation of  certain  chromosomes;  but  no  constant  aze-differences 
have  been  found  among  the  chromosomes  of  any  of  the  forms  or 
between  the  chromosomes  of  the  different  races  examined. 

There  are  a  number  of  ways  in  which  it  would  be  possible  for 
fusion  nuclei  having  twenty-one  chromosomes  to  be  formed  diuing 
the  period  of  fertilization,  ^nce  the  gametophyte  number  of  chromo- 
somes is  seven. 

(1)  It  is  possible  that  O.  Lamarckiana  might  produce  two  kinds  of 
pollen,  having  respectively  seven  and  fourteen  chromosomes.  My 
examination  of  the  conditions  of  pollen  development  in  O.  Lamarck- 
iana has  thus  far  revealed  no  evidence  whatever  in  favor  of  such  an 
hypothesis.  Apparently  all  the  pollen  mother  cells  undergo  the  reduc- 
tion divisions,  in  which  the  number  of  chromosomes  is  reduced  from 
fourteen  to  seven  in  the  usual  way. 

(2)  It  is  possible  that  O.  lata  might  produce  two  kinds  of  eggs, 
having  respectively  seven  and  fourteen  chromosomes.  If  both  these 
kinds  of  eggs  were  fertilized  with  O.  Lamarckiana  pollen  and  pro- 
duced embryos,  we  should  have  plants  resulting  with  fourteen  and 
twenty-one  chromosomes.  The  difficulty  here,  however,  is  that  on 
such  an  hypothesis  the  union  of  seven  Ida  chromosomes  with  seven 
Lamarckiana  chromosomes  would  produce  a  lata  plant;  while  the 
union  of  fourteen  Ida  chromosomes  with  only  seven  Lamarckiana 
chromosomes  would  produce  a  Lamarckiana  plant,  a  situation  which 
is  highly  improbable,  to  say  the  least. 

(3)  Another  possibility  is  that  all  the  eggs  of  O.  lata  have  the 
unreduced  number  of  chromosomes,  and  that  part  of  them  develop 
without  fertilization  (parthenogenetically),  producing  O.  lata  plants 
with  fourteen  chromosomes;  while  others  are  fertilized  with  O.  La- 
marckiana pollen,  and  produce  Lamarckiana  plants  having  twenty-one 
chromosomes  (fig.  3).  This  assumption  is  perhaps  as  reasonable  as 
any,  but  no  case  is  known  of  an  unreduced  egg  being  fertilized. 

(4)  Another  possible  source  of  twenty-one  chromosomes  is  by  the 
union  of  both  male  cells  with  the  egg  in  fertilization.  This,  though 
very  unlikely,  is  at  least  a  theoretical  pos^bility. 
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(5)  It  is  conceivable  that  the  triple  fusion  nucleus  In  double  fer- 
tiUzation,  instead  of  the  egg,  might  form  the  embryo.  The  only 
known  case  of  the  endosperm  developing  anything  resembling  an 
embryo  is  Balanophora.  Tredb'*  studied  B.  elongaia  and  the  same 
conditions  were  afterward  found  in  B.  globosa  by  Lotsy.'^  Fertili- 
zation does  not  take  place  in  these  forms,  and  the  egg  and  synergids 
soon  degenerate,  while  the  upper  endosperm  nucleus  enlarges  and 
divides,  forming  a  mass  of  endosperm  tissue.  In  the  midst  of  the 
endosperm  a  group  of  smaller  cells  is  cut  off,  forming  a  "pseud- 
embryo,"  which  was  followed  to  the  five  or  ten  cell-stage.  Tetrad 
formation  apparently  does  not  take  place,  so  that  there  is  probably  no 
reduction  of  chromosomes,  the  "pseudembryo"  having  the  ax 
number. 

All  of  these  possibilities,  therefore,  are  without  parallel  in  our 
present  knowledge,  but  it  seems  most  probable  that  the  source  of  the 
twenty-one  chromosomes  is  to  be  sought  in  some  such  situation  during 
fertilization,  or  the  genesis  of  the  individual  having  this  number  of 
chromosomes.  It  is  hoped  that  further  investigation  of  megaspore 
and  embryo  sac  development  and  fertilization  in  O.  lata  will  lead  to  the 
explanation  of  this  remarkable  situation,  though  of  course  the  real 
explanation  may  be  quite  different  from  any  of  the  possibilities  here 
suggested. 

On  any  of  these  assumptions  the  number  of  chromosomes  is 
twenty-one.  If  it  is  twenty,  however,  another  explanation  must  be 
sought.  The  correctness  of  the  latter  number  is  supported  by  the 
fact  that  I  have  counted  many  telophases  of  the  heterotypic  mitosis, 
in  which  the  number  of  chromosomes  was  ten  in  each  daughter 
nucleus.  Also  if  twenty-one  chromosomes  originated  from  the  fusion 
of  three  nuclei,  two  of  which  represented  one  parent  and  one  the  other 
parent,  it  might  be  expected  that  in  synapsis  and  the  reduction 
mitosis  a  segregation  of  the  chromosomes  woidd  indicate  this  origin. 
One  might  perhaps  expect  a  pairing  of  seven  chromosomes  (maternal) 
with  seven  others  (paternal),  leaving  the  other  seven  unpaired  to  pass 

''Treub,  M.,  L'organe  femelle  e(  I'apogaTnie  du  Balanophora  tlongala  Bl.  Ann. 
Jard.  Bol.  BuUenzoi|;  15:1-21.  pis.  1-8.   1898. 

"  LoTSK,  J.  P.,  Balanophora  globosa  Juagh.  Eine  wenigstens  Ortlich-verwittwete 
Pflanze.     Ann.  Jard.  Hot.  Buitenzorg  II.  1:174-186.  f4s.  26'3Q.  1S99. 
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to  either  pole  or  remain  out  in  the  cytoplasm.  Rosenberg'^  found 
such  a  situation  in  the  Drosera  hybrid,  where  the  ten  chromosomes 
from  one  parent  paired  with  ten  of  the  twenty  from  the  other  parent, 
while  the  remaining  ten  chromosomes  of  the  latter  remained  unpaired 
^d  were  irregularly  distributed  or  lost  in  the  cytoplasm.  But  nothing 
of  this  kind  has  thus  far  been  observed  in  the  reduction  divisions  of 
the  Lamarckiana  hybrid,  and  instead  ten  chromosomes  are  apparently 
regularly  distributed  to  each  daughter  nucleus  in  the  heterotypic 
mitosis.  It  is  pretty  evident  that  the  exact  number  of  chromosomes 
cannot  be  satisfactorily  settled  until  their  origin  is  ascertained. 

Not  the  least  remarkable  part  of  this  situation  is  found  in  the  fact 
that  here  we  have  two  plants,  the  pure  O.  Lamarckiana  and  the 
Lamarckiana  hybrid,  which  cannot  be  distinguished  by  their  external 
characters,  and  yet  differ  widely  in  the  number  of  their  chromo- 
somes. This  difference  in  number  assumes  a  different  aspect,  how- 
ever, if  we  find,  as  seems  most  probable,  that  we  have  here  merely  an 
extra  set  of  chromosomes  from  one  parent.  Such  a  situation  need  not 
necessarily  interfere  with  the  present  views  of  persistency  of  chromo- 
some numbers  or  even  of  the  ordinary  constancy  in  number  for  a 
species.  A  knowledge  of  the  fate  of  these  chromosomes  in  subse- 
quent generations  and  crosses  will  probably  aid  lai^ely  in  determining 
the  general  bearing  of  these  facts  on  present  views  of  the  individuality ' 
and  constancy  in  number  of  chromosomes. 

It  is  suggestive  that  in  the  Lamarckiana  hybrid,  as  Rosenberg'"' 
has  found  in  the  apogamous  species  of  Hieracium,  the  number  of 
chromosomes  is  much  higher  than  in  other  species  of  the  genus 
examined.  In  the  apogamous  species  in  various  genera  investigated 
in  recent  years,  where  the  chromosome  numbers  are  known,  the 
number  of  chromosomes  in  apogamous  species  is  nearly  or  exactly 
double  the  sporophyte  number  in  closely  related,  normally  fertilized 
members  of  the  same  genus.  A  Ust  of  these  cases  need  not  be  given. 
There  may  be  a  suggestion  here  as  to  how  variation  in  the  chromo- 
some numbers  of  a  genus  originates.     The  same  author"  finds  that 

"  RosEKBERG,  O..  UehcT  die  Tetradenlheilung  cinea  Drosera -Baslardes.  Ber. 
Deutsch.  Bol.  Gesells.  33:47-53.  P^-  4-  '904' 

'■  Rosenberg,  O.,  Cylological  investigations  in  plant  hybrids.  Rtp.  jd  Intemat. 
Cont.  on  Genetics.  Jour.  Roy.  Hurt.  Soc.  London  l^M^-itfi.     1906. 
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in  H,  excelUns  the  egg  cells  have  different  numbers  of  chromosomes, 
owing  to  irregularities  in  the  reduction  divjdons.  When  this  form  is 
crossed  with  another  species,  the  hybrids  of  the  F,  have  different 
numbers  of  chiomosomes.  Whether  this  is  the  cause  of  the  different 
types  in  the  F,  is  not  ascertained. 

It  seems  probable,  or  at  least  possible,  that  there  is  a  connection 
between  the  type  of  hybridization  in  Oenothera  and  the  chromosome 
numbers,  though  just  what  that  omnection  may  be  is  at  present  quite 
unknown.  Apparently  whatever  determines  the  twenty  or  twenty- 
one  chromosomes  determines  also  that  the  parent  shall  have  the  O. 
Lamarckuina  characters.  There  is  thus  a  possibility  that  this  may  be 
found  to  have  a  bearing  upon  the  cause  of  dominance  and  recessivity 
in  Mendelian  hybrids,  the  characteis  of  the  individual  being  deter- 
mined in  this  case  by  the  presence  or  absence  of  the  extra  chromo- 
somes. Cannon's*"  suggestion  that  the  Mendelian  segregation  of 
characters  results  from  the  segregation  of  maternal  and  paternal 
chromosomes  in  the  reduction  mitoses  is  as  yet  a  hypothecs  without 
proof,.though  Rosenberg's"  recent  paper,  in  which  he  states  that  in 
the  pollen  development  of  the  Drosera  hybrid  occasionally  two  pollen 
grains  of  the  tetrad  have  the  morphology  of  one  parent  and  two  that 
of  the  other,  shows  that  in  some  cases,  at  least,  segregation  of  ch^- 
acters  takes  place  at  this  point  in  the  life  history. 

Practically  the  same  theory  of  the  segregation  of  the  characters 
and  purity  of  the  germ  cells  in  plant  hybrids  on  the  basis  of  the  chromo- 
somes (idants)  was  put  forward  by  Weismann"  in  1892,  in  ccamec- 
tion  with  his  theory  of  the  germ-plasm.  At  this  time  the  Mendelian 
hybrids  had  not  been  rediscovered,  and  complete  segregation  of  the 
characters  of  the  parental  types  was  regarded  as  a  rare  occurrence  in 
hybrids.  It  may  be  worth  while  to  quote  Weismann's  statement 
(p.  299): 

The  germ-mother  celts  of  the  hybrid  contain  a  group  of  idants  (chromosomes) 
derived  from  the  paternal,  and  another  from  the  maternal  ancestral  spedes.  If 
therefore  the  "  reducing-di vision  "  halves  the  genn-plasm  of  these  mother-cells  in 

'°  Cannon,  W.  A.,  A  cytological  basis  for  the  Mendelian  laws.  Bull,  Toit.  Bot, 
Club  39:657-661.  fig.  I.  190J. 

"  Rosenberg,  0.>  Erblichkeit^esetze  und  Chromosomen.  Botaniska  Studier, 
Upsala,  pp.  237-243-  figs.  5-  "90^ 

"  Weismann,  Awcosi,  The  germ-pJasro.    English  translation.   New  York.  1898. 
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such  Ik  manner  that  idants  of  the  motheT  alone  reach  one  ripe  germ-cell,  and 
those  of  the  father  alor>e  are  contained  in  another,  it  is  passible  that  two  such 
germ-t;ells  may  unite  when  fertilization  takes  place  between  these  hybrids.  In 
such  a  case  a  plant  completely  resembling  one  of  the  ancestral  forms  would 
arise,  for  it  would  have  been  produced  from  a  germ-plasm  which  contains  idanls 
of  this  species  only. 

He  concludes,  however,  (on  a  theoretical  basis  only)  that  this 
rarely  happens. 

To  obtain  the  Mendelian  ratios  In  hybrids  on  the  basis  of  the 
purity  of  the  gcTm-cells,  it  is  necessary  to  assume  that  the  mechanism 
of  the  reduction  mitoses  regularly  segregates  the  maternal  and  patemal 
chromosomes,  and  that  their  distribution  to  the  daughter  cells  in  such 
cases  is  not  merely  a  matter  of  chance,  or  that  a  part  merely  of  the 
chromosomes  from  one  parent  can  determine  the  dominance  of  that 
form.  Rosenberg'*  has  elaborated  such  a  scheme  of  chromosome 
segregation  in  connection  with  his  study  of  Drosera  rotundifolMX 
D.  longijolia.  He  found  that  in  the  metaphase  of  the  heterotypic 
mitosis  in  the  pollen  mother  cell  the  chromosomes  of  the  two  parents, 
which  can  be  distinguished  by  their  size,  arc  not  all  oriented,  with 
for  example  the  paternal  chromosomes  toward  one  pole  of  the  spindle 
in  the  equatorial  plate,  but  some  from  each  parent  will  enter  both 
daughter  nuclei,  their  orientation  on  the  spindle  being  thus  determined 
by  chance.  The  Drosera  hybrid  does  not  show  complete  dominance, 
but  is  intermediate,  some  of  the  characters  being  nearer  to  either 
parent.  The  character  of  the  hybrid  in  later  generations  has  not  yet 
been  determined. 

DeVries'"  conception  of  the  segregation  in  Mendelian  hybrids  is 
that  where  the  parents  differ  in  one  unit  character  this  character  will 
be  represented  in  the  hybrid  by  a  single  ArUage  from  each  parent.  If 
these  Anlagen  are  assumed  to  be  each  represented  by  a  single  chromo- 
some, the  corresponding  members  of  the  other  chromosome  pairs  being 
quahtatively  alike,  this  would  give,  as  Rosenberg'*  points  out,  a 
chromosome  basis  for  Mendelian  segregation  of  characters.  In  the 
formation  of  the  megaspores  and  microspores,  half  would  contain 
the  chromosome  representing  the  peculiar  patemal  character,  and 

'3  Rosenberg,  O.,  Ueber  Reduktionstheilung  in  Drriscia.  Meddel.  Bot.  Inst, 
Stockholm,  pp.  ij.  figs.  so.  1904. 

It  DeVrieg,  Hugo,  Befmchtung  und  Bastardiening.     Leipzig,  pp.  6z.  190J. 
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half  the  chromosome  representing  the  maternal.  The  germ-cells 
would  thus  all  be  pure  in  regard  to  this  character,  and  in  self-fertiliza- 
tion of  the  hybrid,  according  to  the  laws  of  chance  the  usual  percen- 
tages of  a  Mendelian  hybrid  would  arise. 

OTHER  CYTOLOGICAL  OBSERVATIONS 

Several  interesting  cytological  observations,  a  detailed  description 
of  which  will  be  presented  at  a  later  time,  may  be  briefly  stated  here.  In 
the  heterotypic  mitosis  in  the  pollen  mother  cells  of  the  Lamarckiana 
hybrid,  the  usual  split  in  the  chromosomes,  in  the  anaphases,  which 
is  generally  described  as  a  premature  split  for  the  homotypic  mitosis 
and  is  believed  by  many  cytologists  to  be  the  reappearance  of  a  split 
which  occurred  at  the  time  of  synapsis,  occurs  as  described  in  my 
former  paper.  In  the  early  telophases,  before  there  is  any  indication 
of  a  nuclear  membrane  around  the  daughter  nuclei  or  of  the  beginning 
of  a  passage  into  the  semi-resting  condition,  which  occurs  later,  chro- 
mosomes having  the  appearance  of  distinct  tetrads  are  frequently 
found.  The  indications  are  that  this  tetrad  appearance,  which  is 
often  very  clear  and  characteristic,  may  be  due  to  the  two  halves  of  a 
daughter  chromosome  (which  were  formed  by  the  split  in  the  ana- 
phases of  the  heterotypic)  remaining  side  by  side  and  each  becoming 
clubbed  at  the  ends,  the  portion  between  these  ends  in  each  remaining 
only  as  a  very  delicate  connecting  thread.  This  gives  the  appearance 
of  four  spherical  bodies  of  approximately  equal  size,  connected  in 
pairs  in  one  direction  by  two  parallel  delicate  threads.  In  other  cases 
the  tetrads  have  quite  a  different  shape,  having  rather  the  appearance 
of  a  hollow  ring  drawn  out  sharply  at  the  four  comers.  In  still  other 
cases,  in  this  telophase,  chromosomes  are  seen  having  the  shape  of  a 
pair  of  spheres  dose  together,  or  a  dumb-bell,  and  often  chromosomes 
are  found  at  this  stage  showing  no  indication  of  even  a  double  nature, 
but  appearing  univalent.  This  variation  in  form  does  not  obscure  the 
distinctness  of  the  chromosomes,  which  are  usually  dearly  distinguish- 
able from  each  other  at  this  time,  and  easily  counted.  All  these 
different  forms  may  be  found  together  in  the  same  nucleus,  though  so 
far  as  observed  one  form  usually  predominates  in  a  given  telophase. 
Figures  showing  these  appearances  will  be  published  later. 

In  the  homotypic  mitosis,  as  observed  in  O.  Lamarckiana,  the 
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chromosomes  usually  become  two-lobed  in  the  anaphases.  Just  how 
this  shape  arises  from  the  peaj-sha-ped  chromosomes  of  the  early  ana- 
phase has  not  been  determined.  In  the  telophase  of  this  mitosis  the 
chromosomes  are  nearly  always  two-lobed  or  dumb-bell-shaped  and 
can  be  readily  counted  (seven  in  O.  Lamarckiana)  in  this  condition. 
They  soon  become  more  or  less  irregular  in  outhne,  however,  as  the 
nuclei  pass  into  the  resting  condition,  but  this  characteristic  shape 
usually  persists  for  a  short  time  at  least  after  the  formation  of  the 
nuclear  membrane. 

Several  interesting  features  have  appeared  in  connection  with  the 
examination  of  nuclear  divisions,  in  various  somatic  tissues,  a  work 
which  is  not  yet  completed.  All  the  tissues  examined  are  flower  tis- 
sues about  the  time  when  the  reduction  divisions  are  taking  place  in 
the  pollen  mother  cells  or  later.  The  conditions  so  far  as  observed 
are  identical  in  corresponding  tissues  of  the  three  forms  examined  (O. 
lata,  O.  Lamarckiana,  and  the  Lamarckiana  hybrid),  except  for  the 
difference  in  the  number  of  chromosomes.  In  the  tissue  of  the  anther 
wall  and  in  the  rapidly  dividing  tissues  of  the  young  petals,  in  both  of 
which  a  great  many  chromosome  counts  were  made,  the  chromo- 
somes are  crescents,  rods,  or  loops  in  metaphase  and  the  early  ana- 
phases, the  apices  of  the  loops  converging  in  telophase  to  the  poles 
of  the  spindle.  In  the  telophase  these  chromosomes  also  become 
two-lobed  or  dumb-bell-shaped.  This  shape  is  very  characteristic 
and  apparently  constant,  or  at  least  occurs  very  generally  at  this 
stage.  Observations  which  are  as  yet  incomplete  indicate  that  in  the 
early  telophase  these  chromosomes  begin  to  appear  two-lobed.  This 
shape  is  very  clear  a  little  later,  about  the  time  the  membrane  of  the 
daughter  nucleus  is  formed.  The  chromosomes  can  be  distinctly 
coimted  at  this  time,  and  the  number  is  apparently  constant  in  each 
form.  It  seems  probable  that  this  clubbing  of  the  ends  of  the  chromo- 
somes to  form  dumb-bells  or  two-lobed  chromosomes  in  the  telophase 
of  the  mitoses  in  these  tissues  is  the  same  thing  that  happens  in  the 
telophase  of  the  heterotypic  mitosis,  giving  rise  to  the  tetrad  appear- 
ance, and  in  the  telophase  of  the  homotypic,  giving  rise  to  the  two- 
lobed  or  dumb-bell-shaped  chromosomes.  Whether  this  lobing  of 
the  chromosomes  giving  a  bivalent  appearance  is  in  all  these  cases  a 
preparation  for  the  split  in  the  next  mito^s  cannot  at  present  be  deter- 
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mined.  The  paucity  of  investigations  on  the  somatic  mitoses  in 
plants  leaves  open  the  possibility  that  some  of  the  phenomena  of  the 
reduction  mito^s  to  which  a  special  significance  has  been  attached 
may  find  their  counterpart  in  ordinary  somatic  mitoses.  It  is  believed 
that  further  study  will  settle  the  interpretation  of  these  appearances. 
Measurements  have  shown  that  the  size  of  the  cells,  nuclei, 
and  chromosomes  in  the  anther  wall  is  on  the  average  approxi- 
mately the  same  as  in  the  petals,  though  there  is  considerable  varia- 
tion in  the  size  of  the  cells  of  the  latter.  It  is  interesting  to  note  that 
while  the  chromosomes  in  the  somatic  tissues  are  loops  in  the  meta- 
phase  and  early  anaphases,  in  the  pollen  mother  cells  the  chromo- 
somes are  usually  spherical  or  pear-shaped  in  these  stages  of  both  the 
reduction  mitoses.  This  difference  is  very  striking.  In  the  telophase 
of  the  homotypic,  however,  the  characteristic  shape  is  apparently  the 
same  as  in  the  corresponding  stage  of  somatic  mitoses,  that  is,  two- 
lobed.  Measurements  indicate  that  the  somatic  chromosomes  are  at 
this  stage  considerably  smaller  than  the  homotypic  chromosomes, 
though  there  appears  to  be  much  variation  in  the  size  of  the  former. 


1.  In  my  previous  paper  the  sporophyte  number  of  chromosomes 
in  O.  lata  was  found  to  be  fourteen,  and  in  the  Lamarckiana  hybrid 
obtained  by  crossing  O.  lata  with  O.  Lamarckiana  pollen,  at  least 
twenty.  The  number  of  chromosomes  is  now  found  to  be  twenty  or 
twenty-one  constantly  in  all  the  plants  of  the  Lamarckiana  hybrid 
examined,  while  the  number  in  the  pure  O.  lamarckiana,"  as  well  as  in 
O.  lata,  is  fourteen,  the  reduced  number  being  seven.  These  results 
are  obtained  from  a  large  number  of  counts  in  various  stages  of  the 
reduction  mitoses  and  also  in  the  somatic  divisions  (floral  tissues). 
Thus  the  pure  O.  Lamarckiana  and  the  Lamarckiana  hybrid,  which 
are  identical  in  external  appearance,  differ  widely  in  the  number  of 
their  chromosomes. 

2.  The  origin  of  the  bodies  called  heterochromosomes,  which  are 
present  in  the  reduction  divisions  in  all  the  forms  studied,  is  a  matter  of 

'sj.  M.  Geerts,  in  a  ahorl  paper  just  reteived  (Ueber  die  Zahl  der  Chromo- 
somen  von  Oenothera  Lamarckiana.  Ber.  Dculsch.  Bol.  Gesells.  15:191-5.  pi.  6. 
1907',  also  finds  (hat  ihe  sporophyte  number  of  chromosiimes  in  the  pure  O.  Lamarck- 
iana is  14  and  the  gametophyte  number  7. 
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doubt,  and  until  their  mode  of  origin  is  ascertained  no  significance  can 
be  attached  to  them. 

3.  In  the  telophase  of  the  heterotypic  mitosis  in  the  pollen  mother 
cells  of  the  Lamarckiana  hybrid,  the  chromosomes  frequently  have 
distinctly  the  form  of  tetrads.  In  the  bomotypic  mitosis  of  O. 
Lamarckiana,  as  well  as  in  the  somatic  mitoses  (in  various  floral  tis- 
sues) in  all  forms  studied,  the  chromosomes  are  two-lobed  in  the  telo- 
phase. The  tetrad  appearance  is  probably  due  to  the  same  lobing 
of  the  bivalent  chromosomes  that  takes  place  in  the  telophase  of  the 
homotypic  and  somatic  mitoses. 

This  investigation  has  been  carried  on  under  the  supervision  of 
Professor  John  M.  Coulter  and  Dr.  Charles  J.  Chamberiain. 
The  UffivEKsrTY  of  Cbicaco 
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MORPHOLOGICAL    AND    ANATOMICAL    STUDIES  OF 

THE  VEGETATIVE  ORGANS  OF  RHEXIA 

Theo.  Holm 

(WITH  PLATES   I  AND  U) 

An  anatomical  classification  of  the  Melastomaceae  has  been  pro- 
posed by  Van  Tiegbeu,'  who  divides  the  family  into  two  tribes: 
Melastomeae  and  Meraecyleae.  In  the  former  the  secondary  had- 
rome  shows  the  normal  structure,  while  in  the  latter  the  secondaiy 
hadrome  incloses  groups  of  leptome  in  as  many  concentric  bands  as 
the  stem  shows  annual  rings.  The  Melastomeae  comprise  four  sub- 
tribes:  Dcrmomyelodesmeae,  with  supernumerary  mestome  strands 
in  the  cortex  and  pith;  Dermodesmeae,  with  supernumerary  mestome 
strands  in  the  cortex  alone;  Myelodesmeae,  with  supernumerary 
mestome  strands  in  the  pith  alone;  and  Adesmeae,  without  super- 
numerary mestome  strands.  The  Memecyleae  comprise  two  sub- 
tribes:  Ptemandreac,  without  sclereids  in  the  leaves;  and  Mouririeae, 
with  sclereids  in  the  leaves.  The  genus  Rhexia  belongs  to  the  Der- 
momyelodesmeae. 

Among  other  anatomical  works  may  be  mentioned  those  by 
Pflauu,'  PAlfeziEUX.^  and  Vochting,*  and  also  a  very  detailed 
diagnosis  of  the  family  in  Soleredes's  Syslemaliscke  Anatomie  der 
Dicotyledonen  (p.  405). 

It  would  thus  appear  as  if  the  family  had  already  been  treated 
to  such  an  extent  that  little  if  anything  of  real  imponance  could  be 
added,  a  fact  fully  appreciated  by  the  author.  However,  the  study 
of  internal  structure  is  not  always  accompanied  by  a  corresponding 
treatment  of  the  external,  and  so  far  the  Melastomaceae  have  not 

>  Classification  analomique  <fes  Melastomairte.  Bull.  Soc.  Bot.  France  38: 
1.4.     1891. 

>  Anatom.-sysUinat.  Uniersuch.  d.  Blattes  der  Melastomaceen.  Diss.  MUnchra, 
.897. 

3  Anatom.-systemat.  Untersuch.  d.  Blattes  der  Melastomaceen.  Bull.  HerbL 
Boiss.  7:  appendbi  v.  1899. 

4  Der  Bau  und  die  Eniwickelung  des  Stammes  der  Melastomateen.  Hanstein'a 
Bot.  Ahhdl.  3:1.  1878. 

Botanical  Gasattc,  vol.  44]  [aa 
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yet  been  thoroughly  investigated.  The  monograph  contributed  by 
COGNIAUX*  is  purely  systematic  and  adds  nothing  to  the  natural 
history  of  these  interesting  plants.  Copious  as  is  the  literature,  very 
little  attention  has  been  paid  to  the  following  questions:  how  the 
plants  grow,  how  they  develop  from  seeds  to  mature  plants,  and 
how  well  the  structural  characteristics  are  preserved  under  various 
conditions. 

Although  the  family  is  most  widely  distributed  in  America,  very 
few  species  occur  north  of  the  tropics,  and  Rhcxia  is  the  only  genus 
that  occurs  in  the  United  States  and  Canada,  with  about  ten  species. 
Two  of  these,  R.  virginica  and  R.  mariana,  occur  in  the  District  of 
Columbia,  the  former  extending  as  far  north  as  Ontario,  the  latter 
to  New  Jersey,  They  both  inhabit  sandy  swamps,  associated  with 
LUium  superbum,  certain  Cyperaceae  (Scleria,  Fimbristylis,  Scirpus, 
and  .Carex),  Polygalaceae,  Violaceae,  etc. 

Having  had  the  opportunity  of  studying  these  two  species  in  the 
field  at  various  seasons,  I  have  found  several  points  in  their  external 
structure  which  have  not  hitherto  been  described,  and  which  may  serve 
as  a  small  contribution  to  the  knowledge  of  the  life-history  of  these 
interesting  plants.  To  this  is  added  a  brief  anatonucal  description 
of  the  vegetative  organs,  and  especially  of  the  roots,  since  these  have 
not  been  studied  heretofore. 

Rbezia  Tirgfnlca  L. 

While  studying  the  vegetative  propagation  exhibited  by  representa- 
tives of  the  local  flora,  I  never  was  able  to  find  any  specimen  of  this 
species  with  a  rhizome  as  described  in  the  various  manuals.  Accord- 
ii^  to  Britton,  Gray,  and  Suall,  this  species  should  possess  "hori- 
zontal, slender,  and  tubcriferous  rootstocks."  That  this  statement 
is  very  incorrect  may  be  seen  from  the  following  notes,  in  which  I 
shall  endeavor  to  show  that  the  underground  organs  described  as 
tuberiferous  rootstocks  are  simply  tuberous  roots;  and  that  the  devel- 
opment of  root-shoots  is  of  great  importance  to  the  plant,  being  its 
only  means  of  vegetative  propagation. 

Root-shoots  of  adult  specimens,  like  those  of  figs,  j  and  4,  do  not 
give  any  clear  idea  of  the  remarkable  way  in  which  this  herbaceous 
s  DeCaJidaUe's  Monogr.  phanfrog.  7:385.  1891. 
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plant  persists.  In  fig.  3  a  root-shoot  is  represented  which  at  first 
glance  may  surest  a  "slender  tuberiferous  rootstock"  with  a  basal 
stem-portion,  subterranean  and  covered  with  scale-like  leaves.  In 
fig.  4,  however,  a  larger  tuberous  body  is  seen,  from  which  several 
stems  have  developed,  whose  irregular  position  does  not  indicate 
that  they  have  arisen  from  the  axils  of  opposite  leaves.  As  a  matter 
of  fact,  there  are  neither  leaves  nor  leaf  scars  to  be  observed  upon 
this  tuberous  organ.  The  "rhizome"  represented  in  fig.  4  is  the  one 
most  frequently  found  in  flowering  or  fruiting  specimens,  A  closer 
examination  shows  that  the  tuberous  organs  are  not  tubers,  but  tuber- 
ous roots.  Moreover,  in  fig.  j  the  small  tuberous  body  is  borne  upon 
a  slender  branch,  which  is  seen  to  be  a  secondary  root  and  not  a  stolon, 
since  it  bears  no  leaves.  If  these  organs  were  stems,  they  would  have 
been  provided  with  opposite  leaves  like  those  of  the  aerial  shoots, 
and  the  shoots  would  necessarily  have  occupied  a  much  more  definite 
position  than  those  shown  in  fig.  4.  Moreover,  the  internal  structure 
of  these  organs  proved  to  be  that  of  a  true  root.  This  is  the  only  type 
of  "  rhizome  "  that  I  have  found  in  the  very  many  flowering  and  fruit- 
ing specimens  examined. 

The  development  of  root-shoots  is  a  phenomenon  very  frequently 
observed  in  our  herbaceous  and  woody  plants,  but  thus  far  we  know 
a  very  limited  number  of  plants  that  persist  only  as  root-shoots.  It 
was  very  desirable,  therefore,  to  study  the  younger  stages  and  especially 
the  seedlings  of  Rhexia.  On  account  of  their  diminutive  size  they 
are  difficult  to  find  in  nature,  since  they  are  always  more  or  less 
hidden  by  the  rank  vegetation  that  covers  the  swamps.  However, 
I  succeeded  in  detecting  some  small  patches  of  young  plants  among 
which  there  were  many  seedlings.  One  of  these  is  shown  in  fig.  i, 
which  represents  the  complete  root  system,  the  very  small  epigeic 
cotyledons  {Col),  and  the  basal  intcmodes  of  the  aerial  shoot.  At 
this  stage  the  primary  root  {R)  is  the  main  root  of  the  young  shoot; 
it  bears  several  lateral  and  very  thin  branches,  two  of  which  are  oppo- 
site and  developed  beneath  the  cotyledons.  These  two  roots  com- 
mence to  swell,  and  during  the  summer  they  show  a  local  thickening 
intheshapeof  a  fusiform  tuber  (r).  A  few  secondary  roots  sometimes 
develop  from  the  first  intemode  a  short  distance  above  the  cotyledons. 
At  the  end  of  the  first  season  the  shoot  dies  down  to  the  ground,  and 
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the  primary  root  withers  with  the  exception  of  the  two  lateral  swollen 
branches,  which  winter  over  as  two  separate  roots. 

In  the  following  spring  a  young  shoot  develops,  with  scale-like, 
opposite  leaves  at  the  basal  nodes,  and  with  several  pairsof  secondary 
roots  from  the  nodes,  while  a  dark-colored  tuberous  body  occurs  at 
the  base  of  the  shoot.  One  or  more  of  the  secondary  roots  soon  com- 
mence to  increase  in  thickness,  forming  fusiform  tubers  like  the 
one  described  above  on  the  root  of  the  seedling.  Fig.  2  shows  a 
root-shoot;  the  short,  dark  tuber  at  the  base  of  the  shoot  represents 
the  lateral  tuber  of  the  seedling  (r  in  jig.  i),  and  the  shoot  is  developed 
not  from  the  base  of  the  tuber  but  from  its  upper  face.  If  the  shoot 
had  continued  the  axis  of  the  swollen  root,  there  would  have  been  a 
persistent  primary  root,  but  such  a  case  was  not  observed;  the  shoot 
invariably  occupied  the  position  shown  on  the  root  marked  r  in  fig.  2, 
where  a  bud  is  seen  near  the  base  on  the  upper  face  of  the  tuber. 
This  bud  is  todevelop  a  new  and  independent  plant  during  the  next  year. 

The  specimen  thus  described  {fig.  2)  represents  the  root-shoot  of 
the  seedling  and  lives  only  one  year,  the  persisting  part  belonging  to  i 
secondary  root.  Older  specimens,  like  those  in  fi^.  3  and  4,  show 
the  same  course  of  development,  but  the  shoots  are  more  vigorous 
and  the  tuberous  roots  much  larger.  The  secondary  roots  develop 
in  pairs  from  the  nodes,  between  the  opposite  scale-like  leaves.  These 
roots  are  quite  long,  branch  freely,  and  are  able  to  produce  shoots 
as  described  above.  Although  the  undei^round  portion  of  the  stem 
bears  several  leaves,  none  of  these  were  found  to  subtend  buds,  and 
the  shoot  dies  down  completely  at  the  end  of  the  season.  The  tuber- 
ous roots,  on  the  other  hand,  may  live  for  three  years,  if  not  longer; 
the  large  specimen  represented  in  fig.  4  was  fully  three  years  old. 
When  these  root-tubers  persist  for  more  than  two  years  they  develop 
several  shoots (;ig. 4), and  several  strong,  amply  branching,  lateral  roots. 

An  over-wintering  stage  is  shown  in  fig.  5.  The  tuber  occupies 
here  a  horizontal  position,  and  the  shoots  for  the  next  year  are  already 
visible  as  buds  on  small  stems  with  scale-like  leaves  and  quite  distinct 
intemodes;  the  place  of  development  of  these  minute  shoots  is  along 
the  upper  face  of  the  root.  It  is  only  when  the  tuber  occupies  a 
more  or  less  vertical  position  that  the  shoots  show  a  tendency  to  push 
out  from  near  the  apex,  as  may  be  seen  in  fig.  j. 
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Rhexia  virginica,  therefore,  exhibits  a  very  singular  type  of  vegeta- 
tive propagation,  that  is,  one  restricted  entirely  to  the  development 
of  root-shoots. 

THE   INTERNAL   STRUCTURE   OF   THE   VEGETATIVE   ORGANS 

The  roots 

The  secondary  and  lateral  roots  and  the  slender  portions  (apical 
and  basal)  of  the  tuberous  roots  have  the  same  structure,  modified 
only  by  age.  In  the  tubers,  on  the  other  hand,  there  is  a  very  different 
structure,  since  they  remain  active  for  a  longer  time  and  are  the  seat 
of  a  continuous  development  of  aerial  shoots,  vegetative  or  floral. 
In  the  capillary  lateral  roots  the  primitive  root  structure  remains 
unchanged,  since  they  persist  only  one  season.  Iq  the  slender  second- 
ary and  stronger  lateral  roots,  which  develop  from  the  tuberous 
portion,  the  structure  becomes  changed  at  an  early  stage  on  account 
of  the  development  of  cambial  strata  from  the  conjunctive  tissue  on  the 
inner  face  of  the  leptome  strands,  resulting  in  an  increase  in  thick- 
ness of  the  stele  and  a  gradual  obliteration  of  the  primitive  structure. 
These  roots  may  persist  and  remain  active,  therefore,  for  a  loiter 
time  than  do  the  capillary  roots.  However,  the  increase  in  thickness 
of  the  stele  does  not  always  cause  a  rupture  of  the  surrounding  tissues, 
accompanied  by  secondary  formation  (cork  and  secondary  cortex); 
the  endodermis,  cortex,  exodermis,  and  epidermis  often  remain 
entire  for  some  time.  As  soon  as  the  development  of  gork  com- 
mences (in  Rhexia  from  the  pericambium),  the  peripheral  tissue 
necessarily  becomes  broken,  though  without  being  thrown  off. 

A  much  greater  increase  in  thickness  is  seen,  of  course,  in  the 
tuberous  roots.  In  them,  even  during  the  very  first  period  of  their 
growth,  the  activity  of  the  pericambium  is  so  rapid  that  the  peripheral 
tissues  from  endodermis  to  epidermis  are  thrown  off  rompletely,  and 
are  replaced  by  strata  of  cork  and  secondary  cortex  originating  from 
the  pericambium.  Hence  the  structure  of  the  tuberous  roots  shows 
a  marked  deviation  from  that  of  the  other  roots.  In  fig.  lo  there  are 
shown  the  several  layers  of  cork  (P),  the  broad  parenchyma  of  second- 
ary cortex  (C),  and  a  continuous  circle  of  cambium  strata  surround- 
ing a  broad  cylinder  of  thin-walled  parenchyma  in  which  the  long 
but  very  narrow  rays  of  mestome  radiate  from  the  primitive  root-stele. 
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The  number  of  mestomc  strands  varies  in  accordance  with  the  thick- 
ness of  the  tuber;  the  largest  number  observed  was  ten,  representing 
the  growth  of  one  season. 

The  minor  structure  of  these  various  tissues  seems  to  be  very  uni- 
form. The  absence  of  ducts,  stereids,  and  sclereids  makes  the 
structure  quite  simple.  The  epidermis  is  sparingly  hairy  or  per- 
fectly smooth.  The  exodermis  is  thin-walled  and  consists  of  one 
layer  of  cells  pentagonal  in  cross-section,  whose  walls  are  not  con- 
tractile. The  cortex  is  thin-walled  throughout  and  frequently  shows 
radial  collapsing ;  some  of  the  cells  contain  druids  of  calcium-oxalate, 
but  no  deposits  of  starch.  The  endodermis  is  thin-walled  also  and 
shows  the  Casparyan  spots  very  plainly;  it  surrounds  a  continuous  peri- 
cambium  of  a  sii^le  layer.  A  few  stmta  of  more  or  less  thick -walled 
conjunctive  tissue  occur  in  the  center  of  the  stele  and  between  the 
leptome  and  hadrome.  In  the  tuberous  roots  the  cork  is  well  repre- 
sented {^gs.  II  and  12),  and  the  secondary  cortex  is  compact,  though 
exceedingly  thin-walled  (C  in  fig.  10).  The  seoindary  leptome  (L  in 
fig.  10)  shows  a  very  few  cells,  and  the  hadrome  (H  in  fig.  10)  consists 
of  several  wide  vessels  separated  by  thin-walled  parenchymatic  tissue 
and  by  very  broad  rays  of  radially  stretched  parenchyma  between  the 
mestome  bundles. 

The  section  shown  in  fig.  10  is  from  the  tuberous  root  of  the  young 
shoot  shown  in  fig.  z,  upon  which  a  small  bud  is  visible.  The 
root  is  in  its  second  year  and  shows  the  enormous  increase  in  propor- 
tion to  the  very  narrow  primitive  stele  with  the  short  rays  of  hadrome 
{PH  and  H).  The  other  section  {jig.  ij)  is  from  an  older  and 
much  thicker  tuberous  root,  in  which  the  number  of  vessels  is  larger 
and  the  leptome  much  better  represented  (i). 

Although  parenchymatic  tissues  attain  a  high  development  in 
these  tuberous  roots,  they  were  never  observed  to  contain  any  deposits 
of  starch.  It  is  to  be  noted  also  that  these  tissues  are  peripheral, 
surrounding  the  primitive  stele,  and  that  the  central  portion  of  the 
stele  has  no  pith,  but  only  a  few  strata  of  conjunctive  tissue. 

The  stem 
All  the  intemodes  are  four-winged,  while  the  body  of  the  stem  is 
cylindric.     The  cuticle  is  thin,  but  wrinkled ;  the  cells  of  the  epider- 
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mis  are  small,  and  moderately  thickened  in  the  wings.  Hairs  of 
two  kinds  arc  frequent:  short  and  clavateones  (^^.  p),and  some  very 
long  ones,  with  slender  pluricellular  stalk  and  a  small  globular  head, 
the  apical  cells  being  extended  into  papillae  {fig.  6) ;  they  both  represent 
glandular  hairs.  The  cortex  is  thin-walled  and  contains  chlorophyll, 
besides  druids  of  calcium  oxalate;  no  palisades  were  observed,  A 
thin-walled  endodermis  surrounds  the  stele,  which  is  composed  of 
bicollatcral  mestome  strands,  with  the  medullary  rays  narrow  and 
thick-walled.  The  inner  leptome  represents  much  larger  groups  than 
the  outer,  and  an  isolated  leptomatic  strand  {fig.  14)  occupies  the 
center  of  the  pith.  This  central  leptome  may  be  followed  through  the 
entire  length  of  the  stem,  but  in  the  basal  internodes  it  is  accompanied 
by  a  few  vessels  which  it  partly  surrounds;  thus  the  structure  becomes 
approximately  hadroccntric.  The  pith  is  thin-walled  and  contains 
neither  starch  nor  druids. 

As  a  member  of  the  Dermomyclodesmeae,  Rhexia  possesses  also 
some  mestome  strands  in  the  cortex,  and  these  occur  in  this  species 
only  in  the  wings,  three  in  each  wing  and  very  small,  but  containing 
a  few  elements  of  leptome  and  hadrome. 

With  the  exception  of  an  occasional  thickening  of  the  cortex  in  the 
wings,  like  a  very  feeble  coUenchyma,  there  is  no  mechanical  tissue; 
in  the  basal  internodes  the  epidermis  and  cortex  are  thrown  off,  while 
the  endodermis  remains  intact  and  about  four  layers  of  pericyclic 
cork  are  developed.  It  is  in  these  internodes  that  a  central  mestome 
strand  occurs,  with  both  leptome  and  hadrome. 

The  shoot  is  terminated  by  a  flower  whose  peduncle,  although  a 
direct  continuation  of  the  stem,  shows  a  somewhat  modified  structure. 
It  is  cylindric,  but  wingless,  and  the  cortex  contains  no  chlorophyll. 
The  mestome  strands  are  bicollateral,  but  the  inner  leptome  forms  an 
almost  continuous  band  close  to  the  hadrome,  while  in  the  stem  inter- 
nodes the  inner  leptome  occurs  as  several  distinctly  separate  strands. 
No  central  leptomatic  strand  was  observed  in  the  pith. 

The  leaf 
The  structure  is  bifacial.     The  cuticle  is  wrinkled  on  the  upper 
face,  but  does  not  show  any  prominent  striation.     Viewed  en  face 
the  lateral  cell  walls  of  the  epidermis  are  undulate  on  the  dorsal 


>v  Google 


iyo7l  HOLM— VEGETATIVE  ORGANS  OF  RHEXIA  29 

surface  but  straight  on  the  ventral;  the  outer  cell  wall  is  moderately 
thickened,  and  the  lumen  of  the  cells  Is  much  wider  on  the  upper 
than  on  the  lower  face.  Hairs  like  those  described  above  are  fre- 
quent, but  the  clavate  ones  occur  only  on  the  dorsal  face,  where 
the  stomala  also  occur.  These  are  level  with  the  epidermis  and  are 
surrounded  mostly  by  four  cells  of  the  same  structure  as  the  other 
epidermal  cells,  that  is,  the  lateral  walls  are  prominently  undulate. 
There  is  a  typical  palisade  tissue  of  one  layer,  and  beneath  this  a 
pneumatic  tissue  of  about  four  strata  with  very  wide  intercellular 
spaces.  Viewed  en  face  the  cells  of  the  pneumatic  tissue  are  star- 
shaped,  interspersed  with  roundish  cells  containing  druids  of  calcium- 
oxalate.  A  very  different  structure  is  to  be  observed  in  the  median 
portion  of  the  blade,  where  the  very  broad  midrib  is  located.  The 
cuticle  is  here  wrinkled  on  both  faces,  and  the  lumen  of  the  epidermal 
ceils  is  narrow.  A  large  colorless  parenchyma  forms  a  broad  keel 
underneath  the  midrib,  and  is  thin-walled  except  where  it  borders 
the  epidermis.  No  true  collenchyma,  however,  is  developed  in  any 
part  of  the  blade,  and  no  stereome.  The  midrib  has  no  parenchyma 
sheath  and  contains  one  broad,  arch-shaped,  bicollateral  mestome 
strand  and  a  small  supernumerary  (fig.  1$).  This  small  mestome 
strand  shows  the  leptome  above  the  hadrome,  and  is  separated  from 
the  midrib  by  a  few  strands  of  colorless  tissue. 

The  very  prominent  lateral  ribs  show  the  same  structure  as  the 
median,  being  bicollateral  and  covered  by  a  colorless  tissue  on  both 
dorsal  and  ventral  face- 

Rhexla  mariana  L. 
All  the  specimens  examined  proved  to  be  root-shoots.  Some  of 
them  were  quite  young  and  vegetative,  but  I  was  unable  to  detect 
seedlings."  This  species  differs  marltediy  from  R,  virginica  in  possess- 
ing no  tuberous  roots.  The  roots  that  produce  the  shoots  are  horizon- 
tal, very  long  and  slender,  and  several  shoots,  both  vegetative  and 
floral,  may  be  observed  upon  the  same  root;  the  lateral  branches  are 
thinner,  lighter  brown  in  color,  and  branch  freely.     The  shoots  in 

^Thc  seedling  is  described  and  figured  by  Lubbock  in  his  work  on  seedlings 
(':S4S).  t™'  ""  mention  is  made  of  the  further  growth  or  as  to  the  cKcuirence  of 
toot-shoots. 
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this  species  are  able  to  persist  more  than  one  season,  since  the  buds 
borne  on  the  basal  nodes  remain  active  and  produce  new  shoots  in  the 
next  year.  But,  as  stated  above,  young  as  well  as  old  shoots  may  be 
observed  among  each  other  on  the  same  root,  and  consequently  on 
its  upper  face.  Two  to  four  slender  secondary  roots  develop  from 
the  basal  intcmodes  of  the  older  shoots.  No  specimen  was  found 
in  which  there  was  any  indication  of  the  primary  root,  and  it  would 
be  very  interesting  to  know  whether  the  seedling  of  this  species 
behaves  in  the  same  way  as  that  of  R.  virginica. 

THE  INTERNAL  STRUCTURE  OF  THE  VEGETATIVE  ORGANS 

The  roots 

It  is  only  in  the  very  thin  lateral  roots  that  the  primitive  struc- 
ture may  be  observed.  The  epidermis  shows  but  little  tendency  to 
produce  hairs;  the  exodermis  consists  of  a  single  layer  of  thin- 
walled,  pentagonal  cells  that  are  larger  than  those  of  the  adjoining 
cortex.  The  cortex  is  of  five  layers  of  thin-walled  cells,  with  wide, 
rhombic,  intercellular  spaces;  druids  but  no  deposits  of  starch  were 
observed.  A  thin-walled  cndodermis  and  a  continuous  pericambium 
surround  five  groups  of  Icptome,  alternating  with  five  short  rays 
of  hadrome;  while  the  center  of  the  stele  is  occupied  by  a  narrow 
cylinder  of  moderately  thickened  conjunctive  tissue. 

In  the  thicker  and  stronger  roots,  lateral  or  secondary,  the  cortex 
frequently  collapses  radially,  and  there  is  increase  in  thickness;  how- 
ever they  do  not  increase  as  much  as  do  the  roots  of  the  foregoing 
species,  and  never  become  tuberous.  Cork  is  developed  when  the 
secondary  leptome  and  hadrome  begin  to  appear,  arising  from  the 
pericambium. 

As  stated  above,  the  roots  of  this  species  are  very  long  and  grow 
horizontally  and  in  several  cases  an  excentric  growth  was  noted. 
In  old  roots  the  epidermis  and  exodermis  are  partly  thrown  off,  and 
the  cortex  is  collapsed  almost  throughout.  The  stele,  however,  is 
protected  by  four  or  more  strata  of  cork,  within  which  there  arc  stereids 
scattered  in  small  groups  outside  the  leptome;  the  secondary  rays 
of  hadrome  are  relatively  short  and  separated  from  each  other  by 
mostly  three  rows  of  thick-walled  parenchyma,  which  also  occurs 
in  the  central  part  of  the  stele.     No  starch  was  observed . 


>v  Google 


igo7]  HOLM— VEGETATIVE  ORGANS  OF  RHEXIA  31 

The  stem 

The  basal  intemodes  are  cylindric;  those  above  are  obtusely 
quadrangular,  with  four  very  narrow  wings ;  hairs  like  those  described 
under  the  foregoing  species  cover  the  stem.  The  cuticle  is  very 
prominently  wrinkled,  and  the  epidermis  is  thin-walled.  The  cortex 
is  broken  down  in  wide  lacunes  in  the  basal  intemode,  but  solid  in 
the  upper  intemodes.  No  collenchyma  or  stereome  was  found  in 
the  stem.  There  is  only  one  small  collateral  mcstome  strand  in  each 
of  the  four  wings,  and  sometimes  one  or  two  between  them.  The 
stele  represents  two  arches  within  the  slightly  convex  faces  of  the 
stem,  and  consists  of  bicollateral  mestomc  strands  with  much  leptome 
on  the  inner  face  of  the  hadrome.  The  pith  is  thin-walled  and  does 
not  contain  any  isolated  central  strand  of  leptome;  neither  druids 
nor  starch  were  observed.  Pericyclic  cork  is  developed,  but  only 
in  the  basal  intemodes. 

Tke  leaj 

The  cuticular  striations  over  the  ventral  epidermis  {figs.  8  and/tJ), 
which  radiate  toward  the  center  of  the  outer  cell  wall,  are  characteris- 
tic of  the  leaf  structure.  The  lumen  of  the  epidermis  is  considerably 
wider  on  the  ventral  surface  than  on  the  dorsal,  and  the  stomata 
{fig.  7)  are  not  confined  to  the  latter.  They  show  the  same  structure 
as  those  of  the  other  species,  and  some  were  noticed  on  the  ventral 
face  of  the  leaf-blade.  Hairs  of  both  kinds  described  above  are 
scattered  over  both  faces,  and  also  along  the  margins.  The  chloren- 
chyma  shows  the  same  structure  as  observed  in  R.  virginica,  but  the 
pneumatic  tissue  is  less  open.  The  midrib  lacks  the  supernumerary 
ventral  mestome  strand,  but  otherwise  the  structure  of  the  veins  is 
identical  with  that  of  the  former  species. 
Sammary 

Considered  from  an  anatomical  point  of  view,  these  two  species 
may  be  distinguished  from  each  other  by  the  following  contrasting 
characters : 

R.  virginica. — Roots  tuberous  where  the  shoots  develop;  no 
stereids  outside  the  leptome  of  the  root;  stem  broadly  four-winged, 
with  three  mestome  strands  in  each  wing ;  one  central  mestome  strand 
in  the  pith;   no  cuticular  striations  above  ventral  epidermis  of  leaf; 
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stomata  only  on  dorsal  ia.ce;  midrib  with  a  supernumerary  mestome 
strand;  clavate  glandular  hairs  on  dorsal  face  of  leaf. 

R.  mariana, — Roots  slender  throughout;  stercids  outside  the 
leptome  of  the  root;  stem  narrowly  four-winged,  with  one  mestome 
strand  in  each  wing;  no  central  mestome  strand  in  the  pith;  cuticular 
striations  very  distinct  above  ventral  epidermis  of  leaf;  stomata  on 
both  faces  of  leaf;  midrib  without  a  supernumerary  mestome  strand; 
clavate  glandular  hairs  on  both  faces  of  leaf. 

Common  to  both  species  are  the  bicollateral  mestome  bundles 
of  stem  and  leaf;  the  absence  of  specialized  subsidiary  cells  aroimd 
the  stomata;  the  absence  of  mechanical  tissues  (stereome  and  collen- 
chyma);  the  occurrence  of  two  types  of  glandular  hairs;  the  bifacial 
structure  of  the  leaves;  and  the  ability  of  the  roots  to  produce  shoots. 

Vegetative  propagation,  therefore.dcpends  upon  the  development  of 
root-shoots,  and,  upon  examining  herbarium  material,  the  same  mode 
of  propagation  was  found  in  R.  lulea  Walt,,  in  which  the  roots  are  very 
long  and  slender,  and  the  base  of  the  shoot  may  persist  for  more  than 
one  season,  R.  lanceolata  Walt,,  R.  serrulata  Nutt.,and  R.  cUiasa  Michx, 
All  agree  with  R.  mariana  in  the  roots  being  slender  and  able  to  pro- 
duce shoots.  In  R.  serruiata  one  specimen  appeared  as  if  it  was  a 
seedling  and  blooming  in  the  first  season ;  and  one  specimen  of  R. 
fioridana  Nash  had  a  tuberous  root  in  addition  to  the  slender,  shoot- 
bearing  root, 

I  believe  that  Rhexia  must  be  placed  with  that  type  of  plants  in 
which  the  production  of  root-shoots  is  necessary  to  the  normal  devel- 
opment of  the  individual.  It  is  a  type  poor  in  representatives,  and 
WrrTROCK  enumerates  species  of  Cirsium,  Linaria,  Convolvulus, 
Thesium,  Coronilla,  Epilobium,  and  Euphorbia  as  representing  it. 
Thiadianlka  dubia  Bge,  doubtless  belongs  to  this  same  category, 
according  to  Sachs,'  who  states  that  "the  yearly  regeneration  is 
dependent  upon  root-shoots  which  develop  from  tuberous  swellings 
of  the  very  long  and  slender  roots."  The  internal  structure  of  the 
roots  of  this  curcurbitaceous  plant  is  described  by  Scott  and 
Brebner,^  but  is  very  different  from  that  observed  in  Rhexia, 

Brookland,  D.  C. 

'  Vorlesungen  Uber  Pflanzen-Physiologie  38.     Leipug.  1SS2. 

^  Annals  of  Botany  5:173.  1890. 
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EXPLANATION  OF  PLATES  I  AND  II 

PLATE  I 

Rhexia  virgiitica 

Fig.  I.  Seedling,  showing  basal  internodes,  cotyledons  (Cot),  piimary  root 
(R),  and  a  lateral  root  with  the  tuberous  swelling  (r).    xi). 

Fig.  a.  A  root-shoot  developed  from  tuberous  root  of  seedling;  a  lateral 
root  swollen  (r)  and  showing  bud  which  will  develop  a  shoot  during  next  season. 
NatutaJ  sise. 

Fig.  3.  The  underground  portions  of  a  mature  root-shoot;  one  of  the  second- 
ary roots  bears  a  tuber.    Natural  size. 

Fig.  4.  An  old  tuber  with  shoots.    Natural  site. 

Fig.  5.  An  old  tuber  with  buds.    Natural  size. 

Fig.  6.  Apex  of  a  long  glandular  hair.     X^ao. 

PLATE  II 

Rhtxiamariana 

Fig.  7.  Epidermis  of  lower  face  of  leaf.     X330. 

Fig.  8.  Epidermis  of  upper  face  of  leaf.     X3ao. 
Rhtxia  virginka 

Fig.  9.  Glandular  hur.     X330. 

Fig.  10.  Transverse  section  of  the  tuberous  root  of  fig.  3,  showing  cork  (P), 
secondary  cortex  (C)  with  druids,  leptome  (L),  cambium  (Cam),  hadrome  {H), 
and  protohadrome  {PH).     X304. 

Fig.  II.  Cork  of  the  same  tuber.     X33o. 

Fig.  13.  Cork  of  an  older  tuber.     Xzao. 

Fig.  13.  Transverse  section  of  an  old  tuber,  showing  outermost  part  of  a 
mestome  strand;  index  letters  as  above,     X330. 

Fig.  14.  Central  kptome  strand  of  stem.     X33o. 

Fig.  15.  Ventral  supernumerary  vein  of  leaf,  also  showing  thick-walled 
colorless  tissue  (CoU),  leptome  (£),  and  hadrome  (if).     X560. 

Fig.  16.  Transverse  Rhtxia  mariana  section  of  ventral  epidermis  of  leaf. 
X320. 


>v  Google 


THE  SPORANGIUM  OF  THE  OPHIOGLOSSALES 

CONTRIBUTIONS  FROM  THE  HULL  BOTANICAL  LABORATORY 

XCIV 


(with  plates  m  and  iv) 
The  sporangium  of  the  Ophioglossales  has  been  studied  by 

RUSSOW    ('92),    GOEBEL    ('80,    '81),    HOLTZUAN    {'<)2),   R0ST0W7EW 

('92),  Campbell  ('95*  :o5)i  Bower  ('96),  Cardiff  (:o5),  Stevens 
{:05),  and  Beer  {;o6).  Of  these  the  last  three  concern  themselves 
almost  wholly  with  the  later  stages  of  the  development  of  the  sporan- 
gium and  with  the  development  of  the  spores  up  to  the  time  of  shed- 
ding. The  former  investigators  devoted  their  principal  attention  to 
the  early  stages  of  sporangial  development.  Of  their  accounts, 
Bower's  is  the  most  comprehensive  and,  so  far  as  the  earlier  stages 
of  Ophiogtossum  are  concerned,  the  most  satisfactory. 

In  the  fall  of  1906  there  came  into  my  hands,  through  the  courtesy 
of  Professor  John  M.  Coulter  and  Dr.  Charles  J.  Chamberlain, 
some  fertile  spikes  of  Ophiogtossum  reticulalum,  which  had  been 
collected  by  Dr.  H.  N.  Whitford  at  Lamao,  Bataan,  Philippine 
Islands.  The  spikes,  from  plants  growing  at  an  altitude  of  seventy- 
five  feet  above  sea  level,  were  collected  July  26, 1904,  killed  and  fixed 
in  chrom-acetic  acid,  run  up  through  the  alcohols  to  70  per  cent.,  and 
sent  to  Chicago. 

With  the  completion  of  this  investigation  each  of  the  three  genera 
of  Ophioglossales  will  have  been  studied  throughout  the  entire  period 
of  development  of  the  sporangium  and  spores  up  to  the  time  of  shed- 
ding, so  that  a  discussion  of  the  development  of  the  sporangium 
in  the  group  seems  timely.  In  this  discussion  Ophioglossum  will  be 
made  the  type,  with  frequent  comparison  with  the  other  genera. 
The  material  of  O.  reticulalum  showed  no  stages  earlier  than  those 
represented  in  figs,  i  and  8,  where  the  wall  is  about  three-layered,  the 
tapetum  one-layered,  and  the  sporogenous  tissue  about  two  divisions 
short  of  the  mother-cell  stage.  This  renders  it  necessary  to  obtain  the 
account  of  earlier  stages  from  the  writings  of  former  investigators. 
Botuical  Oasotte,  vol.  44]  [34 
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Earlier  stages 

OPHIOGLOSSUK 

According  to  Bowzs,  the  first  indication  of  the  regions  from  which 
sporangia  are  to  form  is  the  differentiation  along  each  side  of  the 
spike  of  a  band  about  two  cells  wide.  The  cells  of  this  band  are 
distinguished  from  their  neighbors  by  a  greater  depth,  a  difference  in 
arrangement,  and  differences  in  cell  contents.  He  calls  this  the  spo- 
rangiogenic  band.  The  cells  are  for  the  most  part  arranged  in  pairs, 
but  he  does  not  regard  this  as  sufficient  evidence  of  their  common 
origin,  for  he  says  that  if  the  cells  concerned  in  forming  a  single 
sporangium  originate  from  a  single  cell,  it  must  be  very  early  in  the 
formation  of  the  spike.  Nor  did  he  succeed  in  distinguishing  them 
at  a  stage  so  early  as  to  enable  him  to  trace  their  origin.  At  a  slightly 
earlier  stage,  Goebel  figures  the  band  as  only  in  part  two  cells  wide. 
His  figure  seems  to  support  his  contention  that  the  band  becomes  two 
cells  wide  by  the  longitudinal  anticlinal  splitting  of  the  cells  of  a  band 
but  one  cell  wide.  Some  of  Bower's  figures  show  a  far  less  regular 
arrangement  of  the  cells  in  the  band.  In  these  cases,  as  he  dearly 
points  out,  it  is  much  less  easy  to  refer  the  origin  of  the  band  to  a 
single  row  of  cells.  It  is  not  unlikely  that  the  difference  of  opinion 
is  due  to  the  recognition  of  the  band  at  slightly  different  stages  in  the 
growth  of  the  sporangial  spike,  for  it  is  not  unusual  for  subsequent 
growth  to  displace  cells  so  as  to  render  their  relationship  to  one 
another  obscure.  Whatever  may  be  the  exact  mode  of  origin  of  this 
band,  the  really  important  point  is  that  sporangia  may  arise  in  any 
part  of  it,  though  in  fact  they  do  not  arise  in  all  parts  of  it.  It  is  this 
partial  sterilization  of  a  band  potentially  sporangiogenic  throughout 
on  which  Bowek  lays  special  stress. 

The  cells  of  this  sporangiogenic  band  divide  periclinally,  sepa- 
rating a  potentially  primary  sporogenous  band  from  the  wall  cells. 
According  to  Bower,  each  archesporium  consists  usually  of  a  single 
pair  of  the  cells  of  the  band ;  where  the  band  is  three  cells  wide,  there 
are  three  cells  in  the  archesporium.  Goebel,  with  whom  Campbell 
agrees,  thinks  the  archesporium  is  imicellular.  Rostowzew  also 
claims  a  imicellular  archesporium,  but  Russow  contends  that  it  is  a 
cell-complex.  From  such  divergent  opinions  the  truth  is  difficult  to 
choose,  though  it  seems  not  unlikely  that  the  band  may  be  recognizable 
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while  only  one  cell  wide,  and  that  the  first  division  in  each  cell  is 
periclinal  and  cuts  off  the  potentially  sporogenous  cells  from  the  ones 
destined  to  form  wall  and  tapetum.  The  outer  segments,  according 
to  Bower,  by  repeated  division  add  considerably  to  the  sporogenous 
tissue.  It  is  specifically  stated  by  Bowek  and  Rostowzew,  and 
implied  by  Caupbell,  that  the  tapetum  arises  from  the  outer  part  of 
the  sporogenous  tissue. 

The  species  studied  were  O.  pendulum,  O.  vulgatum,  O.  relicu- 
lalutn,  by  Bower;  O.  pendulum  by  Campbell;  and  O.  vulgatum  by 
GoEBEL  and  Rostowzew. 

HELUINTH0STACHY5   AND    BOTRYCHrcU 

In  Bolryckium  virginianum  Holtzman  figures  the  sporangium  as 
arising  from  a  single  cell.  Writing  of  Helminthostachys,  Bower 
says:  "The  sporangia  are  similar  in  origin  and  mature  structure  to 
those  of  Botrychium,  the  essential  parts  being  referable  to  a  single 
superficial  cell,  of  which  the  first  periclinal  division  defines  the  spo- 
rogenous from  the  protective  parts."  In  agreement  with  Russow  he 
thinks  that  in  at  least  some  species  of  Botrychium  the  archcsporium 
may  consist  of  more  than  one  cell.  Goebel  and  Cardiff  think  the 
archesporium  in  B.  lunaria  and  in  B,  virginianum  is  one-celled. 
Caupbell  likewise  thinks  that  the  archesporium  of  Botrychium  is  a 
single  cell  and  that  the  entire  sporangium  is  referable  in  origin  to  this 
one  superficial  cell.  He  ascribes  the  origin  of  the  tapetum  partly  to 
the  wall  and  partly  to  the  outer  sporogenous  tissue.  Goebel  figures 
it  arising  from  the  wall  and  sterile  cells  surrounding  the  sporogenous 
tissue.  Cardiff  also  is  positive  that  it  comes  wholly  from  the  wall 
and  tissue  outside  of  the  sporogenous  mass.  In  Helminthostachys 
Bower  has  shown  that  the  sporangium  originates  from  a  single  super- 
ficial cell,  that  there  is  a  single  primary  sporogenous  cell,  and  that  the 
tapetum  arises  from  the  wall. 

Later  stages 

The  preceding  account  brings  the  development  to  the  earliest 
stages  shown  in  the  writer's  material,  the  discussion  of  which  may 
be  taken  up  conveniently  under  three  heads:  the  wall,  the  tapetum, 
the  sporogenous  tissue. 
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THE  WALL 

Owing  to  the  conflict  of  opinions,  the  youngest  material  at  hand 
was  examined  for  evidence  of  the  origin  of  tapetum  and  sporogenous 
tissue.  These  sporangia  have  a  wall  three  cells  thick,  or  in  some 
cases  the  spindle  and  beginning  of  the  wall  between  the  middle  and  ■ 
innermost  cell.  Fig.  i  shows  the  next  stage,  where  the  wall  is  three 
or  four  cells  thick.  Where  the  wall  is  four  cells  thick  and  the  position 
of  the  walls  indicates  the  last  one  formed  {wall  /  in  the  figure),  the 
division  is  seen  to  have  occurred  in  the  outer  cell  of  the  three-layered 
wall.  The  fifth  layer  of  ceils  also  arises  in  a  similar  way  by  the 
division  of  the  cells  of  the  outer  layer  of  a  four-layered  wall  {figs.  2 
and  J,  wall  j).  This  is  made  clearer  by  an  examination  of  the  cell 
row  between  the  two  containing  five  each  in  ^g,  s.  It  may  be  seen 
that  the  next  division  will  occur  in  the  outer  cell. 

The  order  of  development  may  be  stated  in  the  reverse  order  as 
follows:  If  the  cell  layers  be  numbered  from  within  outward  i,  2,  j, 
4,  5,  then  5  and  4  arose  from  the  division  of  a  cell  which  we  may  call 
c.  In  like  manner  c  and  3  arose  from  the  division  of  a  cell  b.  As 
already  pointed  out,  ;  and  2  arose  from  the  division  of  a  cell  a.  The 
tapetum  is  already  formed  and  differentiated  at  the  two-layered  stage 
of  the  wall,  so  that  two  suppositions  may  be  entertained  in  regard  to 
the  early  history  of  the  wall.  First,  a  and  b  may  have  been  derived 
from  the  division  of  a  cell  w,  sister  to  the  tapetal  cell.  Second,  cell  a 
and  the  tapetal  cell  may  be  sister  cells  derived  from  the  division  of  a 
cell  sister  to  b.  Of  these  two  suppositions,  both  of  which  assume 
the  tapetum  to  have  originated  from  the  wall,  the  former  seems  the 
more  probable.  That  the  tapetum  does  arise  from  the  wall  seems  to 
be  indicated  by  the  close  similarity  of  its  cells  in  shape  and  position 
to  the  tabular  wall  cells  and  their  contrast  to  the  polygonal  sporoge- 
nous cells.  In  the  very  earliest  stages  observed  it  is  difficult  to 
distinguish  tapetal  cells  from  wall  cells  except  by  position,  though  the 
sporogenous  cells  are  easily  distinguishable  in  almost  all  cases.  It 
is  not  unlikely  that  the  first  division  of  the  cell  (or  perhaps  ceils)  of 
the  sporangiogcnic  band  is  a  periclinal  one  and  separates  the  primary 
sporogenous  from  the  primary  wall  cell.  A  periclinal  division  of  the 
latter  separates  the  primary  tapetal  cell  from  the  wall  cell,  subsequent 
divisions  of  which  produce  the  five-layered  wall.     If  this  interpreta- 
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tion  be  accepted,  then  Ophioglossum  agrees  with  the  other  genera  in 
the  origin  of  sporangium,  wall,  primary  sporogenous  cell,and  tapetmn. 

This  regularity  of  division  is  limited  to  the  part  of  the  outer  wall 
which  from  its  position  may  be  inferred  to  have  arisen  from  the 
.  spoiangiogenic  band.  In  other  parts  of  the  wall,  not  only  is  the 
division  less  regular,  but  the  number  of  layers  is  greater.  Further- 
more, longitudinal  sections  show  that  probably  this  regularity  b  still 
further  limited  to  the  cells  derived  from  the  initial  cell  (or  cells)  of 
the  sporangium. 

By  the  time  the  sporogenous  tissue  has  reached  the  mother-cell 
stage,  the  wall  has  its  full  number  of  cell  layers.  The  further  develop- 
ment of  the  wall  consists  of  an  increase  in  size  of  the  bypodermal  cells 
in  the  tangential  plane,  without  any  increase  of  thickness,  and  a 
growth  and  anticlinal  division  of  the  epidermal  cells.  In  mature 
sporangia  the  epidermal  cells  are  relatively  deep  and  narrow,  with 
thickened  outer  walls.  Fig.  7,  which  shows  a  sporangium  at  time  of 
dehiscence,  may  be  compared  with  fig.  6,  from  a  sporangium  whose 
sporogenous  tissue  had  reached  the  stage  of  young  tetrads.  Fig.  7 
has  just  half  the  magnification  of  fig.  6,  from  which  it  is  evident  that 
the  epidermal  cells  have  just  about  doubled  their  depth,  and  have  in 
some  cases  decreased  in  width  through  anticlinal  division.  As 
already  remarked,  the  hypodermal  cells  do  not  increase  in  thickness, 
but  become  extended  laterally  as  the  sporangium  enlarges.  From 
about  the  time  the  young  spores  begin  to  round  up,  they  gradually 
lose  their  cell  contents  and  become  flattened  as  growth  of  the  sporan- 
gium progresses.  Sooner  or  later  the  walls  of  the  inner  two  or  three 
layers,  and  often  all  the  hypodermal  layers,  disappear.  In  fig.  7 
portions  of  the  walls  of  two  layers  can  be  traced,  but  in  other  cases  the 
only  remains  consist  of  a  line  of  debris  between  the  spore-mass  and 
the  epidermis. 

At  the  cariiest  stage  examined,  the  wall  cells  contain  considerable 
starch,  which  increases  up  to  the  time  the  wall  has  attained  its  full 
number  of  cell  layers.  After  this,  which  is  about  the  time  the  tapetal 
Plasmodium  invades  the  crevices  of  the  sporogenous  tissue,  it  gradually 
wastes  away,  until  none  at  all  is  present  at  time  of  dehiscence.  Its 
disappearance  may  be  connected  with  the  accumulation  of  starch  in 
the  tapetal  piasmodium,  a  matter  which  will  be  discussed  subsequently. 
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Longitudioal  sections  {figs.  6  and  7)  show  the  method  of  dehis- 
cence. About  the  time  the  young  tetrads  are  forming,  each  sporangium 
shows  a  slight  transverse  groove.  Fig.  6  shows  that  this  corresponds 
to  a  band  of  smaller  thin-walled  cells.  The  groove  becomes 
more  pronounced  through  the  failure  of  the  epidermal  cells  along  it 
to  increase  in  depth  a.s  fast  as  the  neighboring  ones.  Finally  a  rupture 
of  the  sporangium  occurs  along  this  groove,  probably  due  to  strain 
set  up  by  unequal  growth.  The  spores  are  shed  through  this  slit, 
which,  so  far  as  the  material  at  hand  indicates,  seems  to  play  a  purely 
passive  rdle  in  the  process. 

THE   TAPETUU 

The  youngest  stage  of  the  tapetum  observed  is  shown  in  jig.  i. 
That  this  probably  originates  from  the  first  periclinal  division  of  the 
primary  wall  cell  has  already  been  pointed  out.  It  divides  periclinally 
once  (sometimes  oftener,  as  shown  in  fig.  5),  before  the  cells  of  the 
sporogenous  tissue  have  reached  the  mother-cell  stage.  Usually  no 
more  strictly  periclinal  divisions  occur.  As  the  sporangium  grows, 
the  tapelal  cells  elongate  and  divide  obliquely  (figs.  2,  3,  5).  Fig.  3 
presents  a  regional  view  of  about  one-half  of  a  sporangium  with  the 
tapetum  well  developed  and  distinct  at  the  left  of  the  figure,  where  it 
may  be  supposed  to  be  derived  from  the  primary  wall  cell.  At  the  right 
of  the  figure  the  tapetal  cells  are  not  easily  distinguished  from  the 
sporogenous  tissue,  and  their  origin  is  not  dearly  indicated,  though 
they  seem  rather  more  closely  related  structurally  to  the  sporogenous 
cells  than  to  the  sterile  cells  around  them  on  the  outside.  In  Botrych- 
ium  GoEBEL  has  shown  that  this  part  of  the  tapetum  arises  from 
the  sterile  cells  outside  the  archesporium.  In  the  present  study  no 
clear  evidence  for  either  view  was  obtained,  owing  to  laclc  of  young 
sporangia. 

At  the  earliest  observed  stage  the  tapetal  cells  are  distinguishable 
from  the  sporogenous  tissue  by  staining  reactions  of  the  cell  contents 
and  by  the  position  of  the  walls.  They  are  less  easily  distinguished 
from  the  wall  cells,  but  are  on  the  whole  slightly  thicker  radially. 
The  cytoplasm  is  clear  and  highly  vacuolate  and  so  takes  the  stain 
lightly.  It  does  not  contain  starch  nor  any  form  of  stored  food 
evident  under  the  microscope.     In  this  respect  it  differs  from  the 
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cytoplasm  of  the  inner  wall  cells,  which  even  at  this  st^e  contain  a 
little  starch;  the  outer  wall  cells  contain  considerable  at  this  time. 
The  ta[>etal  cytoplasm  was  not  observed  to  contain  any  starch  until 
after  the  walls  have  broken  down.  The  walls  themselves  are  from 
the  first  very  delicate,  but  are  sharp  and  distinct  when  properly 
stained,  so  that  there  can  be  no  mistake  as  to  their  presence.  In  this 
respect  Ophioglossum  seems  to  differ  from  B.  virginianum,  whose 
tapetal  cells,  as  described  by  Stevehs,  are  delimited  by  a  plasmatic 
membrane  only.  Cardiff,  who  studied  the  same  species,  does  not 
mention  this  circumstance,  and  Beer  calls  attention  to  the  fact  that 
it  is  not  true  in  Helminthostachys.  The  nuclei  are  about  20  m  in 
diameter,  but  vary  somewhat  both  in  size  and  shape.  They  stain 
rather  deeply  and  are  generally  not  otherwise  distinguishable  from 
the  nuclei  of  the  wall  cells. 

When  the  mother-cell  stage  is  reached,  the  tapctum  is  at  least  two- 
layered  throughout  and  its  walls  have  become  very  thin  and  about 
this  time  have  begun  to  break  down.  The  cytoplasm  of  the  neighbor- 
ing tapetal  cells  mingles  and  forms  a  plasmodium,  as  described  by 
Cardiff  for  Botrychium.  In  Botrj'chium  as  well  as  in  Helminthos- 
tachys the  tapetal  cells  arc  elongated  radially,  while  in  Ophioglos- 
sum they  are  flat  and  tabular,  the  radial  diameter  being  the  shortest. 
Ophioglossum  also  differs  from  the  other  genera  in  having  usually  only 
two  layers  of  tapetal  cells,  whereas  they  have  from  two  to  four  layers. 
It  seems  likely  that  the  walls  break  down  sooner  in  Ophioglossum 
than  in  the  other  genera.  This  is  probably  correlated  with  the  fewer 
layers  and  with  the  fact  thai  in  Botrychium  the  cells  are  frequently 
binucleate.  Too  few  preparations  at  Just  the  stage  when  the  walls  are 
breakii^  down  were  seen  to  make  sure  that  binucleate  cells  do  not 
occur,  but  none  were  seen. 

Bower  and  others  have  stated  that  at  this  time  some  of  the  mother 
cells  break  down  and  contribute  to  the  tapetal  plasmodium.  This  is 
denied  by  Cardiff  for  Botrychium,  and  by  Beer  for  Helminthos- 
tachys. No  certain  case  of  such  a  contribution  was  observed  in 
Ophioglossum,  but  the  number  of  preparations  of  just  this  age 
observed  were  too  few  to  justify  the  statement  that  it  never  occurs. 
Mother  cells  which  did  not  appear  normal  were  found  in  two  or  three 
■preparations,  but  in  each  case  they  occurred  in  sporangia  that  were 
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in  Other  respects  clearly  abnormal,  suffering  from  external  injury  to 
the  wall  in  one  case,  an  abortion  of  the  inner  wall  cells  and  neighbor- 
ii^  sporogenous  tissue  in  another,  etc.  In  sporangia  apparently 
normal  in  all  respects,  a  few  of  which  were  observed,  no  trace  of  such 
a  contribution  was  found.  It  is  not  unlikely,  therefore,  that  this 
genus  agrees  with  the  other  two  in  this  feature  also. 

At  the  time  the  Plasmodium  begins  to  penetrate  among  the  crevices 
of  the  sporogenous  tissue  they  are  rather  small,  and  the  movement  is 
therefore  gradual.  Hence  the  deeper  parts  of  the  crevices  arc  empty 
of  cytoplasm.  By  the  time  the  sporangium  has  reached  the  stage 
shown  in  jig.  4,  the  Plasmodium  completely  fills  every  crevice,  showing 
that  the  cytoplasm  increases  in  volume  after  the  breaking-down  of 
the  walls.  The  nuclei  do  not  at  first  penetrate  among  the  blocks  of 
sporogenous  tissue  on  account  of  the  narrowness  of  the  clefts,  but  later 
as  these  enlarge  they  become  distributed  throughout  the  sporangium. 

The  structure  of  the  plasmodial  cytoplasm  is  at  first  coarser  and 
stains  more  deeply  than  did  that  of  the  tapetal  cells  before  the 
breaking-down  of  the  walls.  It  has  a  ropy  appearance  and  contains 
many  large  granules.  It  does  not  seem  to  be  definitely  vacuolate,  but 
among  the  beaded  threads  there  seems  to  be  a  fine  hyaline  sap-like 
substance  {fig.  4).  At  this  time  the  Plasmodium  does  not  contain  any 
starch,  which,  however,  soon  appears  and  continues  to  increase  until 
the  Plasmodium  is  fairly  crowded  with  it  {jig.  16).  The  stringy  cyto- 
plasm becomes  denser  during  the  formation  of  the  starch  and  finely 
vacuolate.  The  maximum  density  and,  starch  content  is  reached 
about  the  time  the  tetrads  are  complete.  From  this  time  on  the 
starch  grains  become  fewer  and  fewer  (fig.  25)  until  they  have  entirely 
disappeared.  By  this  time  the  cytoplasm,  which  has  been  growing 
more  and  more  vacuolate,  has  nearly  all  disappeared.  The  last  traces 
of  it  are  to  be  seen  along  the  old  plasmatic  membranes,  which  may 
often  be  traced  long  after  the  more  fluid  parts  have  disappeared. 
When  the  spores  are  of  die  age  shown  in  figs.  26  and  2y  all  traces  of 
it  are  usually  lost. 

The  nuclei  of  the  Plasmodium  exhibit  frequent  changes  of  form  in 
order  to  accommodate  themselves  to  the  spaces  which  they  are  com- 
pelled to  occupy,  or  into  which  they  perhaps  force  themselves.  Where 
one  is  found  in  a  narrow  cleft  it  has  the  appearance  of  being  about  to 
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divide  amitolically.  No  actual  case  of  such  amitosis,  however,  has 
been  observed  in  any  stage  of  the  tapetum.  No  mitotic  figures  have 
been  observed  in  the  Plasmodium  either,  though  the  nuclei  seem 
somewhat  more  abundant  in  the  later  stages.  The  sporangia  vary 
so  much  in  size  and  consequently  in  number  of  nuclei  found  at  any 
stage  that  It  is  not  possible  to  say  with  confidence  that  the  nuclei 
increase  after  the  walls  of  the  tapetum  have  disappeared.  That  the 
nuclei  do  not  move  about  passively  in  currents  of  cytoplasm  seems 
to  be  indicated  by  the  fact  that  where  one  is  apparently  just  entering 
a  crevice  it  is  always  drawn  out  to  a  point,  which  stains  more  deeply 
with  chromatin  stains  than  do  the  other  parts  of  the  nucleus.  Bees 
has  called  attention  to  similar  appearances  of  the  nuclei  of  Helmin- 
thostachys.  The  average  size  of  the  nuclei  does  not  differ  materially 
in  older  stages  from  that  of  the  earlier  ones.  There  is  considerable 
individual  variation  of  both  size  and  shape  at  any  stage.  Cardiff 
has  pointed  out  that  the  nuclei  of  the  Plasmodium  of  Botrychium 
increase  fourfold  in  size;  but  Beer  has  found  that  this  is  not  the  case 
in  Helminthostachys.  The  structure  of  the  nucleus,  however,  does 
undergo  considerable  change.  A  reference  to  fig.  i6  shows  the 
tendency  of  the  chromatic  material  in  the  later  phases  of  development 
to  aggregate  itself  into  eloi^ated  masses,  whose  long  axes  are  directed 
lengthwise  of  the  nuclei.  These  masses  are  much  fewer  than  the 
chromosomes.  A  similar  condition  is  shown  in  Beer's  figures  of 
Helminthostachys.  When  the  nuclear  membrane  breaks  down,  these 
masses  are  spilled  out  and  persist  for  some  time.  The  nuclei  persist 
longer  than  the  cytoplasm;  it  is  not  uncommon  to  find  one  or  more 
of  them  in  sporangia  from  which  the  spores  are  just  about  ready  to  be 
shed. 

THE  SPOROGENOUS  TISSUE 

The  earliest  stage  of  the  sporogenous  tissue  observed  is  shown  in 
fig.  8.  At  this  time  it  probably  lacks  about  two  divisions  of  the 
mother-cell  stage.  The  cells  are  squarish  or  polygonal,  and  about 
25  /*  in  diameter.  The  nuclei,  which  vary  slightly,  average  about 
18  ^  in  diameter.  The  cytoplasm  is  delicately  reticulated  and  does 
not  stain  very  intensely.  It  seems  to  be  made  up  of  a  network  of 
delicately  beaded  strands,  the  meshes  of  which  are  filled  with  a 
hyaline  ground -substance  which  stains  very  lightly  or  not  at  all.    The 
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wall  is  very  thio  but  distinct.  Stevens  reports  the  sporogetious  cells 
of  Botrychium  as  being  devoid  of  a  wall.  The  cells  at  this  stage,  in 
the  living  condition,  are  probably  still  attached  to  one  another  so  as  to 
form  a  compact  tissue.  In  stained  preparations  clefts  appear  among 
groups  of  cells.  It  is  probable  that  some  or  all  of  these  clefts  are  the 
effects  of  contraction  in  the  preparation  of  the  material.  The  nucleus 
is  usually  quite  round  and  is  surrounded  by  a  sharply  defined  nuclear 
membrane.  The  nuclear  network  is  not  very  unlike  that  of  the  cyto- 
plasm, except  that  the  beaded  strands  are  larger,  stain  more  deeply, 
and  present  many  more  loose  ends.  From  one  to  six  nucleoli  are 
usually  present  in  each  nucleus. 

Whether  the  blockit^  of  the  sporogenous  tissue  begins  as  eaiiy  as 
the  stage  shown  in  fig.  8  or  not,  there  is  no  doubt  that  it  is  dearly 
present  after  the  next  division  of  the  sporogenous  cells.  Such  a 
condition  is  shown  in  fig.  2,  where  the  sporogenous  tissue  is  seen  to  be 
broken  up  into  irregular  blocks,  and  to  be  free  from  the  tapetal  cells, 
which  are  beginning  to  separate  from  one  another.  Fig.  3  presents  a 
view  of  a  slightly  more  advanced  state  of  blocking.  The  irregularity 
of  Ophioglossum  is  in  sharp  contrast  to  the  almost  diagrammatically 
regular  blocking  of  the  sporogenous  tissue  of  Botrychium.  According 
to  Casdiff,  the  divbion  of  the  sporogenous  tissue  in  that  genus  is  in 
three  planes  at  right  angles,  and  very  regular  and  uniform  in  all  parts 
of  the  sporangium.  He  suggests  that  these  walls  break  down  in  the 
order  of  their  formation,  with  the  result  that  the  tissue  breaks  up  into 
regular  rectangular  blocks.  His  figures  lend  considerable  support  to 
this  view,  and  there  seems  to  be  no  reason  for  doubting  it.  The 
divisions  in  the  spon^enous  tissue  of  Ophioglossum  are  far  less  regu- 
lar, and  this  may  be  the  cause  of  the  irregularity  in  the  blocking. 
Beek  notes  that  the  process  in  Helminthostachys  is  less  regular  than 
in  Botrychium.  It  is  far  more  regular,  however,  than  in  Ophio- 
glossum.   An  exceptionally  regular  case  is  shown  in  fig.  5. 

Correlated  with  the  question  of  blocking  is  that  of  the  division  of 
the  sporogenous  cells.  In  Botrychium,  and  to  a  less  degree  in 
Helminthostachys,  division  is  simultaneous  in  the  sporogenous  tissue 
up  to  the  time  of  blocking.  After  the  blocks  become  independent, 
the  cells  of  each  block  divide  simultaneously,  but  different  blocks 
may  develop  at  different  rates.    Even  so  early  as  the  stage  shown 
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in  ^^5.  /  and  8,  the  cells  do  not  develop  at  the  same  rate  nor  do  they 
divide  simultaneously.  That  there  is  some  coordination,  however, 
is  shown  by  the  fact  that  ^ures  do  not  usually  occur  isolated,  but 
in  small  groups.  Cells  in  the  synapsis  stage  were  noted  in  some 
sporangia  when  other  cells  seemed  not  to  have  reached  the  mother- 
cell  stage.  Oddly  enough,  however,  most  or  all  of  the  cells  come  out 
of  the  synapsis  at  about  the  same  time.  This  seems  to  be  the  only 
point  in  the  development  at  which  the  cells  are  all  at  approximately 
the  same  stage.  Each  cell  seems  to  develop  independently  of  the 
others  in  the  majority  of  cases,  although  there  are  not  lacking  fre- 
quent cases  where  several  cells  lying  side  by  side  are  approximately 
in  the  same  phase.  The  most  striking  examples  of  this,  are  groups 
of  cells  in  the  late  prophase  often  found  among  young  tetrads  or  even 
in  sporangia,  where  the  young  spores  have  become  separated  and 
have  rounded  off.  Fig.  g  gives  a  view  of  a  mother  cell  in  synapsis 
(the  synaptic  knot  has  been  simplified  in  drawing  for  the  sake  of 
clearness).  The  cells  at  this  stage  are  oblong  and  about  28  X32  m. 
The  cell  shown  in  the  drawing  is  one  of  the  largest,  being  27  X40  /». 
The  walls  are  at  this  time  very  thin  and  the  cells  have  either  separated 
from  one  another  entirely  or  into  small  groups.  The  walls  are  so 
thin  that  it  was  sometimes  impossible  to  find  them,  though  it  was 
always  possible  to  find  other  cells  younger,  of  the  same  age,  and 
older,  which  showed  the  wall,  so  that  it  seems  likely  that  all  of  them 
really  have  walls.  It  has  already  been  noted  that  Stevens  did  not 
find  them  in  B.  virginianum  at  certain  stages.  Cardiff  shows  in 
his  figures  what  seem  to  be  walls,  but  makes  no  text  conmient.  Beer 
b  emphatic  in  his  assertion  that  they  are  present  at  all  stages  in 
Helminthostachys.  Recalling  their  exceeding  thinness  and  the 
difficulty  of  staining  them,  one  must  accept  with  considerable 
reserve  the  statement  that  they  are  absent  at  any  stage.  However, 
when  one  considers  that  most  of  the  walls  disappear  in  the 
breaking-up  of  the  sporogenous  tissue,  it  does  not  seem  altogether 
improbable  that  they  may  totally  disappear  in  some  cases.  It  may 
be  added  that  the  writer  has  been  able  to  find  them  in  preparations 
of  B.  virginianum  of  the  same  age.  The  preparations  examined  do 
not  cover  all  stages,  and  he  is  therefore  not  able  to  say  positively 
that  they  are  always  present. 
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The  cytoi^asm  is  very  like  that  already  described  for  the  earlier 
phases  of  developmeot,  except  that  it  is  somewhat  denser,  especially 
around  the  nucleus.  The  synaptic  knot  is  usually  so  closely  massed 
that  the  course  of  the  individual  thread  or  threads  cannot  be  followed 
for  any  great  distance.  The  figure  was  drawn  from  one  of  the  most 
diffuse  knots  in  a  section  10  m  thick.  The  chromatin  seems  to  consist 
of  a  single  row  of  granules  strung  along  a  cxintinuous  much  tangled 
thread.  The  thread  could  not  be  determined  to  be  continuous  by 
direct  observation,  but  this  is  made  probable  by  the  fact  that  there  are 
no  loose  ends  protruding  from  the  knot  on  the  uncut  side.  The  same 
is  true  of  other  knots.  In  the  early  s'tages  the  thread  is  extraordi- 
narily long  and  thin,  long  enough  nearly  to  till  the  nucleus  with  its 
tangled  folds,  and  not  more  than  0.25-0.5^  thick.  The  thread 
breaks  up  into  very  long  slender  chromosomes,  which  may  have 
almost  any  shape  from  nearly  straight  to  intricately  bent  and  twisted. 

A  somewhat  later  stage  is  shown  in  fig.  10,  where  the  chromo- 
somes have  shortened  by  one-half  or  more  and  have  become 
correspondingly  thicker.  In  the  figure  no  attempt  has  been  made  to 
represent  all  the  chromosomes  in  the  nucleus,  but  only  those  whose 
shape  and  position  could  be  made  out  clearly.  The  drawing  was  made 
from  a  section  in  which  the  knife  has  passed  almost  exactly  through 
the  center  of  the  nucleus,  and  the  cut  side  of  the  nucleus  lies  up. 
This  gives  a  clearer  field,  but  has  the  disadvantage  that  some  of  the 
chromosomes  are  cut  in  two.  More  than  sixty  chromosomes  are 
shown  in  the  drawing  of  this  half-nucleus.  Attempts  were  made  to 
count  the  chromosomes  at  this  stage,  in  the  stage  shown  in  the  next 
figure,  in  polar  views  of  the  second  division,  and  elsewhere,  but  with- 
out success.  The  number  exceeds  100,  but  probably  does  not  reach 
120  for  the  gametophytic  tissues.  The  chromosomes  continue  short- 
ening and  thickening  until  they  reach  the  shape  and  size  shown  in 
fig.  II.  The  nuclei  have  their  maximum  size  at  about  this  stage, 
being  23-24  m  in  diameter. 
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lightly  with  most  other  stains.  The  staining  reactions  make  it 
improbable  that  they  are  starch  or  chromatic  material  or  any  of  the 
more  usual  constituents  of  cells.  They  are  probably  some  sort  of 
stored-food  material,  since  they  disappear  slowly  at  a  later  stage, 
when  such  stored  foods  are  being  used.  They  appear  in  all  stages 
following  this  up  to  about  that  shown  in  fig.  2j.  Their  number  and 
size  in  different  cells  varies  greatly,  in  some  being  absent.  Some 
of  them  are  shown  in  jigs,  ii-si.  They  are  usually  much  more 
numerous  than  shown  in  the  figures,  which  show  only  those  visible 
in  a  single  optical  focus,  or  even  fewer  than  that  in  jigs,  iy-20.  They 
often  line  up  along  the  central  region  of  the  spindle  of  the  first  divi- 
sion, or  along  the  subsequent  wall  (when  one  forms)  in  such  masses 
as  to  obscure  the  details  of  cell  structure  entirely  in  that  region.  The 
cytoplasm  itself  grows  denser  and  denser  as  the  time  of  division 
approaches;  jig.  11  shows  it  at  about  its  maximum.  Figs.  11  and  ij 
show  two  different  aspects  of  the  cytoplasm  of  dividing  cells,  the  for- 
mer being  the  common  one.  The  beaded  threads  shown  in  jig.  12 
are  very  characteristic  of  the  cytoplasm  of  the  cells  during  maiosis. 

The  spindle  originates  as  a  weft  of  kinoplasmic  fibers  around  the 
nucleus.  The  fibers  then  form  a  number  of  poles  such  as  those 
shown  in  jig.  11.  Three  of  these  poles  become  prominent  and  the 
others  disappear.  The  tripolar  stage  passes  into  the  bipolar  by  the 
further  elongation  of  two  poles  and  the  breaking-up  of  the  third 
(fig.  12).  Fig,  ij  presents  a  surface  view  of  the  mature,  sharply 
pointed,  bipolar  spindle.  The  chromatic  mass  (simplified  in  the  figure) 
proved  too  dense  and  the  chromosomes  too  small  and  numerous  to 
make  any  trustworthy  observations  on  the  method  of  chromosome 
splitting.  The  chromosomes  usually  pass  to  die  poles  in  a  more  or 
less  straggling  manner,  though  sometimes  they  advance  in  regular 
lines.  Reaching  the  poles  they  may  or  may  not  organize  a  resting 
nucleus;  when  the  second  division  follows  very  soon  they  probably 
do  not.  Fig.  14  shows  the  beginning  of  the  formation  of  the  resting 
network  before  the  spindle  has  disappeared.  Fig.  i;  shows  the 
chromosomes  still  free  after  the  formation  of  a  wall  between  the 
daughter  nuclei.  In  fig.  16,  from  which  the  spindle  fibers  have  not 
entirely  vanished,  the  daughter  nuclei  are  in  the  resting  condition. 

After  the  first  division,  a  wall  may  {figs.  15,  16,  ig,  20)  or  may 
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not  {figs.  14,  ly,  18,  21)  fonn  before  the  next  division.  Probably  this 
depends  on  the  rapidity  with  which  the  second  division  follows  the 
first,  and  perhaps  the  usual  thing  is  for  the  second  division  to  occur 
when  the  daughter  nuclei  have  reached  about  the  stage  shown  in 
fig.  14.  At  this  time  the  chFomosomes  usually  have  not  formed  a 
resting  network,  and  the  central  part  of  the  first  spindle  still  persists. 
If  division  occurs  at  this  stage,  the  resulting  figure  usually  resembles 
figs,  ij  and  21.  The  majority  of  the  spores  are  of  the  tetrahedral 
type.  In  this  region  of  the  cell,  whether  the  wall  forms  or  not,  there 
is  always  a  noticeable  collection  of  fine  granular  cytoplasm  which  is 
sharply  distinguishable  from  the  less  dense  parts  containing  the 
beaded  strands  already  mentioned.  Within  this  zone  most  or  all  of 
the  food  granules  are  found;  they  are  often  so  numerous  and  so 
■  densely  crowded  as  to  make  it  difficult  or  impossible  to  tell  whether 
a  wall  is  present  or  not. 

Early  stages  in  the  development  of  the  spindle  of  the  second  divi- 
sion were  not  observed.  Metaphases  are  shown  in  figs,  ly  and  18, 
and  anaphases  in  figs,  ig  and  20.  All  the  spindles  with  the  exception 
of  the  type  shown  in  fig.  18  are  sharply  bipolar,  though  somewhat 
blunter  than  those  of  the  first  division.  The  spindle  libers  are 
markedly  different  from  those  of  the  first  division;  mstead  of  a  loose 
bundle  of  very  fine  fibers,  the  fibers  are  heavy  and  coarsely  beaded. 
All  the  spindles  arranged  as  in  fig.  18  have  their  apices  truncated. 
Fig.  ig  shows  one  spindle  in  the  linear  position,  the  other  not;  in 
this  type  no  truncated  spindles  were  observed.  Fig.  zo  shows  the 
bilateral  arrangement;  no  other  figure  with  this  arrangement  was  ob- 
served, though  one  case  of  bilateral  spores  was  noted  {fig.  25).  Figs. 
ij-20  are  arranged  in  the  order  of  frequency  of  their  occurrence  in 
the  preparations.  No  spores  were  found  which  could  be  referred  to 
the  types  of  division  shown  in  figs.  18  and  ig,  which  is  singular,  con- 
siderii^  the  frequency  of  this  type  of  arrangement  at  time  of  division; 
they  were  probably  present,  but  were  not  recognized.  In  fig.  20  the 
chromosomes  seem  to  be  passing  into  the  network  characteristic  of 
resting  nuclei  even  before  reaching  the  poles  of  the  spindle,  and  long 
before  any  nuclear  membrane  has  formed. 

During  maiosis  the  wall  of  the  mother  cell  still  persists  and  is  very 
noticeable,  owing  to  its  separation  from  the  contents,  for  which  it 
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seems  ordinarily  to  be  far  too  large.  Such  a  wall,  in  contact  with  the 
a>ntents  at  one  point  only,  is  shown  in  fig.  75,  This  wall  persists 
around  the  tetrad  until  late  in  the  development  of  the  spores.  The 
wall  with  its  contents  lies  in  a  vacuole  of  die  tapetal  cytoplasm.  The 
vacuole  is  limited  by  a  plasmatic  membrane  often  more  prominent 
than  the  wall  of  the  mother  cell  within  it.  Where  the  two  are  in  con- 
tact they  are  distinct,  showing  that  the  vacuole  is  a  real  one  and  is 
not  merely  the  effect  of  shrinkage  in  preparing  the  material.  I  was 
not  able  to  determine  just  how  long  the  old  wall  persists,  but  it  was 
found  (at  least  parts  of  it)  around  spores  as  old  as  those  shown  in 

The  beginning  of  the  tetrad  walls  is  shown  in  fig.  zi  and  the  com- 
pleted wall  in  fig.  22.  It  is  formed  partly  on  the  primary  division 
spindles  of  the  second  division  and  partly  on  secondary  spindle-like 
structures  which  arise  between  the  nuclei  which  are  not  sisters.  Of 
the  six  walls  which  meet  in  the  nuddle  and  separate  the  young  spores, 
two  form  on  the  primary  spindles  and  four  on  the  secondary  ones. 
At  the  same  time  a  wall  forms  on  the  outer  or  convex  side  of  the 
spores.  Whether  this  wall  joins  directly  to  the  tetrad  wall  or  con- 
tinues around  inside  of  it  could  not  be  determined.  Beer  describes 
this  tetrad  wall  as  uniting  with  the  wall  which  surrounds  the  tetrad, 
thus  fonning  a  structure  with  four  compartments,  each  of  which  con- 
tains a  spore.  It  is  certain  that  it  does  not  do  so  in  Ophioglossum, 
owing  to  the  fact  that  the  mother-cell  wall  is  not  at  that  time  in  contact 
with  the  spores. 

The  cytoplasm  of  the  young  spores  is  dense  and  granular.  The 
resting  nucleus  has  a  rather  coarse  network,  with  the  chromatin 
scattered  over  it  in  rather  large  masses  {fig.  22).  As  the  spores  grow 
older  they  break  apart,  the  walls  thicken,  and  the  cytoplasm  becomes 
vacuolate.  The  progressive  vacuolation  of  the  cytoplasm  seems  to  be 
connected  with  the  corresponding  rapid  thickening  of  the  young  spore 
coats.  The  relation  between  the  two  is  brought  out  in  figs.  22-26. 
During  this  period  of  thickening  of  the  spore  walls  the  cytoplasm 
of  the  tapetal  Plasmodium  also  becomes  more  vacuolate.  A  decrease 
of  its  starch  accompanies  pari  passu  the  vacuolation  of  the  Plas- 
modium. The  degree  of  the  collapsing  action  of  the  killing  and 
fixing  agents  on  the  young  spores  affords  a  graphic  though  not  very 
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accurate  means  of  estimating  the  decreasing  density  of  their  cytoplasm. 
At  about  the  time  the  spore  coats  attain  a  sufficient  rigidity  to  resist 
collapse,  the  cytoplasm  begias  to  increase  in  density  {fig.  27).  Soon 
afterward  {fig.  28)  starch  makes  its  appearance  in  the  spore.  About 
the  same  time  the  spore  coat  can  be  seen  to  consist  of  an  exos[>ore  and 
an  endospore.  As  the  spore  becomes  older  the  two  regions  of  the 
wall  become  more  distinct  and  the  exospore  increases  considerably 
in  thickness.  In  the  mature  spore  there  are  two  cytoplasmic  zones, 
an  outer  less  dense  one  and  an  inner  dense  one  filled  with  starch. 

Whether  the  endospore  originates  as  a  separate  membrane  or 
whether  it  is  merely  the  inner  part  of  an  originally  homogeneous  mem- 
brane which  has  differentiated  into  two  could  not  be  determined  in 
Ophioglossum.  Appearances,  however,  favor  the  latter  view.  Per- 
haps the  strongest  evidence  in  its  favor  is  the  fact  that  though  the 
endospore  is  less  distinct  when  first  distinguishable,  it  is  just  as  thick 
or  even  thicker  than  in  the  mature  spore.  Somewhat  various  opinions 
have  been  held  concerning  the  exact  method  of  exospore  formatton. 
DeBaky  {'64)  states  that  the  exospore  of  certain  Asixmycetes  is  laid 
down  from  the  epiplasm,  which  might  be  thought  to  correspond 
roughly  with  the  tapetal  Plasmodium  in  respect  to  the  part  either 
might  play  in  the  formation  of  the  outer  coat  of  the  spore.  The  fact 
that  the  entire  tetrad  is  surrounded  for  a  considerable  time  by  the  per- 
sistent mother-cell  wall,  and  that  the  whole  lies  in  a  vacuole,  would 
seem  to  render  this  hypothesis  untenable  in  respect  to  Ophioglossum. 
FnTmG(:oo),  Beer  (104},  and  others  maintain  that  the  exospore, 
even  though  separated  from  the  endospore  and  the  protoplast  by  a 
space  containing  no  protoplasm,  can  be  built  up  by  its  activities. 
Miss  Lyon(:o5)  has  shown  that  the  two  coats  in  Selaginella  are 
formed  by  the  differentiation  of  a  single  thick  homogeneous  gelati- 
nous membrane.  The  exospore  according  to  this  view  is  simply  the 
outer  part  in  which  has  been  deposited  dense  granular  material;  the 
roughness  is  due  to  the  irregular  way  in  which  the  material  is  depos- 
ited; and  the  endospore  is  the  part  in  which  no  such  deposits  are 
made.  This  explanation  seems  to  harmonize  with  the  facts  in 
Ophioglossum.  Miss  Lyon  points  out  that  the  membranes  of  Selagi- 
nella are  not  separated  and  suggests  that  where  they  seem  so  it  is  due 
to  action  of  the  reagents  used  in  preparing  the  material.     There  is 
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no  separation  in  Ophioglossum,  and  in  consequence  no  necessity  for 
action  at  a  distance  greater  than  the  thickness  of  the  spore  coat.  The 
supposed  semi-fluid  characterof  the  membrane  at  the  time  of  its  forma- 
tion would  reduce  this  difficuhy  to  a  minimum. 

Interesting  irregularities  occur  in  the  development  of  the  sporoge- 
nous  tissue.  It  has  already  been  pointed  out  that  the  mother  cells 
may  develop  at  very  different  rates.  Fig.  ii,  for  examj^e,  was  drawn 
from  a  sporangium  containing  young  tetrads  and  various  stages  of  the 
first  and  second  divisions.  Still  more  interesting  irregularities  are 
shown  in  figs,  jo-jj.  Fig.  jo  shows  an  enlarged  mother  cell  in  the 
metaphase  of  the  first  division;  it  was  found  among  spores  slightly 
younger  than  the  one  shown  in  fig.  ^7,  and  its  wall  is  indistinguishable 
from  those  of  the  spores  among  which  it  lies.  This  figure  afforded 
the  best  opportunity  observed  for  obtaining  an  approximate  count  of 
the  chromosomes.  Owing  to  the  way  in  which  they  are  scattered, 
most  of  them  are  sufficiently  free  from  their  neighbors  to  be  identifi^ 
and  counted;  102  are  shown  in  the  drawing,  which  represents  about 
one-half  the  entire  figure.  About  as  many  more  could  be  counted  in 
the  sections  adjacent  to  this  on  each  side,  thus  making  the  gametophyte 
number  somewhat  over  100.  Fig.  jj  shows  three  spores  within  a 
common  exospore,  one  of  which  is  plainly  degenerating;  no  trace  of  the 
fourth  member  of  the  tetrad  could  be  found.  Such  a  structure  could 
arise  from  the  one  just  discussed  by  the  division  of  one  of  the  daughter 
nuclei  and  each  of  the  three  resulting  nuclei  and  its  accompanying 
cytoplasm  surrounding  itself  with  a  wall.  Fig.  ji  shows  a  body  con- 
sisting of  eight  cells,  with  thin  outer  wall  and  very  delicate  division 
walls.  The  cytoplasm  is  dense,  finely  reticulated,  and  crowded  with 
starch,  which  is  also  abundant  in  the  tapetal  Plasmodium  around  it, 
though  not  found  in  the  young  spores  in  the  same  sporangium  nor 
in  any  spores  until  they  arc  much  nearer  maturity.  This  might 
suggest  that  the  normal  young  spores  are  poor  in  cytoplasm  and  stored 
food  because  they  use  it  to  build  their  rapidly  thickening  walls. 
Though  varying  in  size  the  nuclei  are  all  large,  being  about  the  size 
of  the  entire  young  spores  in  the  same  sporangium.  With  Flem- 
ming's  triple  stain  they  stain  uniformly  with  the  gentian.  Fig.  J2 
represents  another  structure  of  the  same  sort  but  with  twenty  nuclei, 
two  of  which  are  very  large.     These  bodies  have  probably  arisen  from 
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the  germinatioD  of  the  members  of  a  tetrad  which  failed  to  separate 
in  the  usual  way.  Possibly  the  lack  of  a  thick  wall  around  the  young 
tetrad  is  responsible  for  the  continued  growth;  at  any  rate,  no  indica- 
tk)n  of  the  germination  of  ordinary  thick-walled  spores  was  observed, 
unless  fig.  JO  be  interpreted  as  such.  Not  unlike  this  is  the  produc- 
tion of  more  than  four  microspores  in  some  angiosperms,  but  so  far 
as  I  am  aware  similar  phenomena  have  been  reported  in  only  one 
homosporous  plant.  In  an  account  of  the  germination  of  the  oospore 
of  Coleochaete,  Allen  shows  that  reduction  takes  place  with  the  first 
division;  the  spores  thus  produced  germinate  and  cooperate  to  pro- 
duce a  multicellular  mass  of  gametophytic  tissue.  Each  cell  of  this 
mass  of  tissue  eventually  produces  a  zoospore  which  gives  rise  to  the 
ordinary  vegetative  phase  of  the  plant.  Whle  has  shown  ('86)  that 
in  certain  angiosperms  by  a  suppression  of  the  second  maiotic  division 
a  mother  cell  may  give  rise  to  two  microspores  only  instead  of  the  usual 
four.  Since  in  at  least  the  majority  of  plants  the  unlike  elements  of 
the  bivalent  chromosomes  are  separated  in  the  first  division  of  the 
mother  cell,  there  seems  to  the  writer  no  valid  reason,  other  than  that 
imposed  by  the  available  food  supply  and  the  .ordinarily  thick  walls, 
why  any  number  of  spores  more  than  two  may  not  arise  from  a  mother 
cell.  In  a  discussion  of  many-sporcd  asci  Overton  (:o6)  has 
recently  shown  that  the  number  of  divisions  in  the  ascus  is  inunaterial 
so  far  as  the  essential  nature  of  the  resulting  spores  is  concerned.  In 
this  connection  the  recent  experimental  work  of  N£uEC  (:o6)  is  of 
considerable  interest;  by  subjecting  staminate  flowers  to  the  actk>n 
of  chloroform  vapor  he  secured  pathological  conditions  closely  paral- 
leling those  herein  described.  His  attempts  to  germinate  these  bodies 
should  yield  interesting  results. 

SUMUASY   AND   COMPARISON 

The  following  tabular  form  of  statement  will  serve  to  contrast  com- 
pactly the  three  genera  of  Ophioglossales  as  to  their  sporangia. 

Ophioglossum  HeliHtnihostiukys                         BotrychiuiH 

I.  Outerwall  and  corre-  The  essential  pans  from       Like    preceding    but 

sponding  parts  of  the  tapet-  a  single  superficial  cell.          smaller  contribution  of 

urn   and   the    sporogenous  neighboring  cells, 
tissue  from  one  or  two  su- 
perficial cells  of  a  sporangi- 
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Opkiogiosiitm 
ogenic  band;    renuuDder  of 
sponuigium  formed  by  the 
cells  of  the  adjaceDl  sterile 

».  Freely  exposed  outer 
wall  s-layered  and  from 
primary  wall  cell  (or  cells). 

3.  Sporangia  sunken. 

4.  Dehiscence  by  trans- 
verse slil. 

5.  One  to  three  prinury       One     primary    sporoge- 
sporogenous  cells.  notts  celL 

6.  Tapetum  unusually 
two-layered  and  its  cells 
tangentiaUy  elongated. 


Similar  to  the  preceding  like  preceding  but  still 

in  origin  and  development,  further  restricted  to  a  single 

except  that  in  most  species  cell  in  origin, 
the  entire  wall  so  arises. 

Sporangia  intermediate.  Sporangia   generally 
short-stalked. 

By  loD^tudinal  slit.  By  transverse  slit. 


One 


pnmary    sporoge- 


isceU. 


7.  Nuclei  of  tapetal  Plas- 
modium probably  do  not 
inci'ease  in  number. 

S.  Nuclei  of  Plasmodium 
do  not  increase  in  site. 

9.  Tapetal  nuclei  persist 
up  to  near  time  of  dehis- 


CeUs  radially  elongated,        Same  as  preceding  except 

otherwise  like  preceding.        that  there  are  two  to  four 

layers  of  radially  elongated 

cclb. 

AmitoMS  of  these  nuclei       Amito^  usual  and   fre- 

probably  occurs.  quent. 


Noir 


More  persistent   than 
preceding. 


10.  Spoiogenous     tissue         Blocking      much 
separates  into  irregular   regular. 


Nuclei  increase   to   four 
dmes  their  ori^nal  size. 
I        Less  persistent  than  other 

:       Blocking  extremely  reg- 


it. Division  of  sporo- 
genous  tissue  up  to  mother 
cells  not  wholly  simultane- 


Simultaneous  diviaon  the 


II.  Maious  in   difierent 
mother  cells  varies  widely  in   < 
time  and  in  arrangement  of 

13.  Spin  die  extra-nuclear. 


Maio^s  in  each  mother-       Divi^on  simultaneous  ii 
;tl  independent.  each  block  of  cells. 


Reduced   number  4 


Spindle  int 
No  dau. 


ij.  Spindles  in  all  possi- 
ble positions  with  reference 
to  one  another. 


"  Either  in  sa 
perpendicular    1 
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Ophiagloisvm                       Helmiiilliaiiaehyi  Boltycktum 

16.  Wall  formed  or  not       Special    tetrad   wall   in-  No  wall  formed, 
after  fiist  maiotk  division,  closes    each    spore    in    a 

17.  Teliads  (or  a  long  separate  compartment.  Tetrad  inclosed  within 
time  inclosed  witUn  per-  persistent  wall  of  mother 
sistent  mother-cell  wall.  cell. 

The  features  common  to  the  genera  are:  (i)  the  breaking-down  of 
the  imier  layers  of  the  wall,  (2)  the  penetration  of  a  Plasmodium, 
derived  from  the  tapeta]  cells,  among  the  spon^enous  cells,  (3)  the 
failure  of  the  mother  cells  to  contribute  to  the  tapetal  Plasmodium, 
{4)  the  formation  of  a  resting  nucleus  after  the  first  maiotic  division, 
(5)  the  appearance  in  the  spore-plasm  of  a  phase  of  decreasing  density 
followed  by  one  of  increasing  density,  the  former  possibly  connected 
with  the  rapid  growth  of  the  young  spore  coat  (no  data  from  Botrych- 
ium),  (6)  the  spores  rich  in  starch,  (7)  the  tetrads  in  vacuoles  of  the 
Plasmodium. 

This  investigation  was  carried  on  under  the  direction  of  Professor 
John  M.  Coulter  and  Professor  Charles  J.  Chamberlaik. 
The  University  of  Chicago 
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EXPLANATION  OF  PLATES  111  AND  IV 
All  figures  were  drawn  with  the  aid  of  a  Bausch  and  Lorab  camera  and 
Zeiss  apochromatic  objectives  and  compensating  oculars,  and  reduced  one-half. 
Figs,  i-j  and  ^g.  ja  were  drawn  under  a  low-power  dry  lens,  the  others  under 
1.5™"  immersion. 

PLATE  III 

Fig.  I.  Wall  of  three  or  four  layers;  last  wall  formed  indicated  by  1;  tape- 
turn  one'layered  except  at  left.     X300. 

Fig.  a.  Wall  four- or  five-layered;  tapeturo  two-layered;  sporogenous  tissue 
beginning  to  break  up  into  irregular  blocks  and  to  separate  from  the  tapetum. 
X300. 

Fig.  3.  General  view  of  about  onc'half  of  a  sporangium,  showing  fouror  five 
layers  in  the  wall;  two-layered  tapetum;  sporogenous  tissue  broken  up  into 
irregular  blocks;  the  regular  two-layered  tapetum  is  restricted  to  the  left  of  the 
figure;  in  the  remaining  part  it  is  difficult  to  distinguish  it  from  the  sporogenous 
tissue;  f  is  last  wall  formed.     X123. 

Fig,  4.  Tapetal  Plasmodium  penetrating  among  blocks  of  sporogenous  tissue; 
tapetal  nuclei  mainly  around  periphery;  blocks  of  sporogenous  tissue  quite 
irregular.     X  300. 

Fig.  5.  An  unusually  thick  tapetum  and  more  regular  blocks  of  sporo- 
genous cells,  somewhat  older  than  those  of  ^g.  4.     x  300. 

Fig.  6.  Lon^tudinal  section  of  wall;  (etrad  stage  of  sporogenous  tisAie;  to 
show  early  indications  of  formation  of  slit  for  dehiscence.     X  300. 

Fig.  7.  Mature  wall  showing  longjtudiital  section  through  line  of  dehiscence; 
inner  cell  layers  broken  down.     X133. 

Fig.  8,  A  sporogenous  cell  lacking  about  two  di^sions  of  the  mother  cell; 
from  sporangium  with  a  three-layered  wall.     X900. 

Fic.  9.  Synapsis  of  mother  cell;  synaptic  knot  has  been  simplified  in  draw- 
ing for  the  sake  of  clearness.     X900. 
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Fig.  10.  Prophase  of  fiist  divJEion;  chromosomes  about  one-half  the  length 
of  their  earliest  stage;  food  granulea  JQ  cytoplasm.     X 1200, 

Fig.  II.  Origin  of  spindle;  chromosomes  in  mature  form,  many  of  them 
seem  paired;  food  granules  in  cytoplasm;  cell  appears  small  because  it  is  not 
drawn  in  median  optical  section.     X900, 

Fig.  13.  Spindle  passing  from  Iripotar  to  the  Upolar  stage;  food  granules 
and  beaded  kinoplasmic  threads  prominent.     X900. 

Fig.  13.  Surface  view  of  mature  spindle  at  metaphase;  cytoplasm  unusually 
free  from  food  granules  and  kinoplasmic  threads,     X900.        . 

Fig.  14.  Telophase  of  first  division;  nuclear  memhrane  formed  nnd  chromo- 
somes mostly  free  from  one  another;  middle  region  of  cell  occupied  by  persistent 
spindle  fibers,  food  granules,  and  denser  cytoplasm;  old  wall  becoming  freed 
from  contents.     X900. 

Fig.  15.  f..ater  telophase;  a  wall  has  formed,  along  which  the  food  granules 
tend  to  line  up;  molher-oeU  wall  almost  entirely  free  from  contents;  chromo- 
somes quite  free  from  one  another.     X900. 

Fig.  16.  Part  of  tapetal  Plasmodium  containing  much  starch;  lapetal  nuclei 

show  the  aggregation  of  chmmatir  malprial  intn  clnncralpd  massef..  far  tewrr  than 

the  chromosomes;  mothei 
in  resting  condition;  the 
cell  wall  surrounds  it,  but 
X900. 

Fig.  17.  Usual  positit 
hedral  arrangement  of  sp 
many  chromosomes  left  o 

Fig.  18.  Linear  arrai 
point;  as  in  all  cases,  gt 
region,  whether  a  wall  is 

Fig.  19.  Combinatior 
pointed,  though  this  was 
a  wall  in  this  and  next  fig 

Fig.  ao.  Bilateral  arr 
before  reaching  the  poles 

Fig.  31.  Telophase  ai 

Fig.  12.  Young  tetra< 

Figs.  13,  24.  Progres 
ing  of  spore  wall.     X90C 

Fig.  35.  Depletion  of 
iral  spores  shown  within 

Fig.  36.  Maximum  d 
probably  gelatinous,  colla 

Fig.  37.  Spore  wall  r 
begiiming  to  be  slightly  d 
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Fig.  aS.  Spore  coat  distioctlj  diffcTcatiated  into  two  layera;  the  cytoplasm 
much  denser  and  showing  very  small  starch  grains.     X  goo.  - 

Fig.  39.  Mature  spore  with  thick  wall  and  abundant  contents;  starch  very 
abundant;  inline  penetrates  exine  at  tip  of  spore.     Xgoo. 

Fio.  30.  Much  delayed  division  of  a  mother  cell,  spore -coat-like  wall  sur- 
rounding it.     X8oo. 

Figs.  31, 33.  Multicellular  gameto^diytic  (presumably)  masses  of  cells, 
which  have  arisen  throu^  the  cooperative  gertnination  of  the  membeis  of  a 
tetrad  which  l9.\]fA  to  separate  in  the  ordinary  way.     X>33. 

Fig.  33.  Three  of  the  four  spores  of  a  tetrad  within  a  common  exospoie. 
X600 
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THE  ROOTS  OF  LYCOPODIUM  PITHYOIDES 

CONTRIBUTIONS  FROM  THE  HULL  BOTANICAL  LABORATORY 

XCV 


(WITH  FLAT£S  V  AND  VI   AND  ONE  FIGUKE) 

Lycopodium  pitkyoides  Schlecht.  &  Chamisso  is  a  subtropical  fonn 
of  rare  occurrence,  but,  according  to  Underwood  and  Llovd,  of  unex- 
pectedly wide  distribution.  In  spite  of  its  striking  and  unmistak- 
able appearance,  it  has  been  confused  with  other  forms,  such  as  L. 
dickotomum. 

The  material  which  formed  the  basis  of  this  investigation  was 
collected  in  September  1906  near  Jalapa,  Mexico,  by  Professor  Baknes, 
Dr.  Chauberlain,  and  Dr.  Land,  of  the  University  of  Chicago.  They 
found  in  that  region  only  one  specimen,  which  they  secured  aod  which 
is  now  growing  in  the  greenhouse  of  the  University.  This  plant,  or 
rather  clump  of  plants,  was  growing  as  an  epiphyte  on  the  trunk  of  a 
recently  fallen  tree. 

This  species  of  Lycopodium  attains  a  size  unusual  in  the  genus. 
The  stem  is  dichotomously  branched,  erect,  and  rigid,  with  a  diame- 
ter of  6  to  10™";  and  the  slender  dark  green  leaves  are  2 . 5  to  3 .  5*" 
long.  The  fact  that  practically  «very  leaf  is  a  sporophyll  indicates 
that  this  form  is  of  relatively  primitive  character.  The  length  of  its 
leaves,  the  stoutness  and  rigidity  of  its  stem,  and  its  unusual  size  give 
it  such  a  shrub-like  aspect  that  Schlectendal  and  Chauisso  (10) 
in  the  original  description  very  aptly  compared  it  to  a  young  Pinus 
sUvestris. 

A  cross-section  of  the  stem,  however,  is  much  more  striking  than  the 
general  habit.  The  stele,  which  in  structure  and  arrangement  is 
similar  to  that  of  L.  lucidnlum  or  L.  Selago  is  comparatively  small, 
being  about  one-tenth  the  diameter  of  the  stem.  The  conspicuous 
feature  of  the  stem  is  not  the  central  stele,  but  the  numerous  smaller 
heavily  sheathed  steles  which  surround  it  (fig.  i).  These  are  the 
"iimer  roots"  of  Strasburger  (ii).  The  "inner  root"  is  not  an 
example  of  a  particular  type  of  root,  but  of  a  peculiar  habit  which 
S7l  [Botukal  Ouette,  toL  44 
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exists  in  certain  species  of  Lycopodium.  The  roots  arise  in  acropetal 
succession  at  any  point  of  the  stele  of  the  stem.  Instead  of  penetrat- 
ing the  cortex  at  once  and  emerging  as  aerial  roots,  they  turn  down  in 


Fig    I  —Lycopodium  pithyoides 

the  cortex,  boring  canals  through  long  stretches  of  c6rtcx,  and  emerge 
finally  at  or  near  the  base.  This  habit  is  associated  with  erect  forms 
of  Lycopodium,  both  terrestrial  and  epiphytic.  A  similar  habit  is 
described  in  the  Maralliaceae,  Sachs  (9)  having  given  a  brief  de- 
scription of  its  occurrence  in  A  ngiopteris  evecia,  in  which  the  roots  are 
said  to  bear  a  definite  relation  to  the  leaf  bases. 
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The  "  inner  roots  "  of  Lygopodium  were  described  by  Brongniart 
(I),  who  stated  that  they  were  characteristic  of  erect  dichotomous 
forms.  Strasbukgek  (ii)  described  the  more  obvious  features 
of  the  "inner  roots"  of  L.  Selago,  and  gave  a  list  of  about  twenty 
species  characterized  b)'  their  presence.  All  the  species  noted  are 
members  of  the  Selago  group  except  L.  Phlegmaria.  In  none  of 
the  species  described  have  the  "inner  roots"  attained  a  development 
comparable  to  that  in  L.  pilhyoides.  Few  have  been  studied  in 
sufficient  detail  to  afford  a  basis  for  comparison.  Strasburger 
records  L.  Selago  as  showing  eight  roots  in  a  cross-section  taken  j'^™ 
above  the  base  of  the  stem.  Brongniart  (2)  figures  L.  phlegmaria 
and  L.  verlicillatum  with  fifteen  "  inner  roots."  Fig.  z  shows  a  cross- 
section  of  L.  pithyoides,  taken  10-12'^'"  above  the  base  of  the  stem, 
in  which  fifty-two  roots  were  found.  The  extraordinary  development 
of  these  roots  is  no  doubt  an  important  factor  in  giving  the  stem  its 
characteristic  stoutness  and  rigidity. 

The  root  priraordia  usually  appear  within  a-5"""  of  the  tip  of  the 
stem,  but  occasionally  there  will  be  none  within  5-10'^'"  of  the  tip. 
The  primordiunt  shown  in  jig.  j  and  jig.  4  was  found  about  2""  from 
theapcxof  astern  which  was  about  25'^'"  high.  The  vascular  cylinder 
of  the  stem  was  still  in  the  promeristem  stage. 

The  roots  of  L.  pithyoides  show  four  distinct  initial  regions  for 
the  plerome,  periblem,  dermatogen,  and  calyptrogen.  The  plerome 
arises  from  an  initial  region  consisting  probably  of  only  one  initial 
cell.  It  was  impossible  to  determine  with  certainty  the  exact  number 
of  initials,  but  such  preparations  as  that  shown  in  fig.  5  indicate  a 
single  initial;  it  is  possible,  however,  that  there  are  several,  as  in  the 
forms  studied  by  Bhuchmann  (3).  The  periblem  initial  region 
consists  of  several  layers  forming  a  well-defined  although  not  sharply 
differentiated  region.  There  is  a  well-defined  one-layered  dermatogen 
which  gives  rise  to  the  epidermal  cells  and  trichoblasts. 

The  trichomes  arise  from  definite  cells  which  are  cut  off  by  curved 
oblique  walls  from  the  original  epidermal  cells  a  short  distance  back 
of  the  apex  of  the  root  (jigs.  6,  7,  8).  With  the  growth  of  the  epider- 
mal cells  and  trichoblasts,  the  latter  come  to  have  the  appearance  of 
wedge-shaped  cells.  The  outer  wall  rounds  out  and  a  papilla  appears 
which  rapidly  elongates  into  a  slender,  rather  thick-walled,  persistent 
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trichome.  The  trichoblast  usually  divides  once  longitudinally, 
so  that  the  trichomes  are  usually  found  in  pairs  {fig.  g).  Since  almost 
every  epidermal  cell  gives  rise  to  a  trichoblast,  the  trichomes  are 
abundant  and  very  unifonniy  distributed.  The  trichoblastic  cells 
are  cut  off  as  regularly  in  the  "inner  roots"  as  in  the  external,  but 
of  course  produce  trichomes  only  in  aerial  and  soil  roots.  The 
formation  of  trichoblasts  in  Lycopodium  was  first  described  by  Nae- 
GELi  and  LErrcEB  (6).  Leavitt  (5)  has  described  them  in  greater 
detail,  giving  L.  inundatum  as  an  example  of  the  type  in  which  the 
trichome  is  cut  off  by  a  straight  anticlinal  wall,  and  L.  lucidulum  as 
an  example  of  the  type  with  oblique  walls.  The  development  of 
the  trichomes  in  L.  pithyoides  seems  to  be  the  same  as  that  in  L. 
lucidulum. 

The  root  begins  to  grow  downward  immediately  after  leaving 
the  stele  {fig.  10),  dissolving  and  crushing  the  cortex  to  make  way 
for  its  rapid  enlargement.  The  roots  bend  and  curve,  winding  in 
and  out  around  each  other  and  around  the  leaf  traces  as  they  work 
their  way  down  the  stem.  Several  roots  often  run  side  by  side  for  a 
considerable  distance,  so  crowded  together  that  the  sheaths  ap;  ear 
to  fuse.  Pritzel  (7)  and  Strasbusger  both  describe  branching 
as  of  frequent  occurrence.  It  must  be  extremely  rare  in  L. 
pitkyoides,  for  no  cross-sections  have  revealed  the  slightest  trace  of 
it,  and  an  extensive  dissection  of  the  stem  was  equally  unsuccessful. 
That  it  does  occur  is  shown  by  a  root-tip  taken  from  an  "  inner  root " 
which  has  the  dichotomous  forking  so  characteristic  and  abundant 
in  external  roots  (fig.  11).  It  is  possible  that  in  such  cases  one 
branch  may  become  abortive  owing  to  the  crowded  condition  under 
which  the  root  is  growing. 

A  typical  "inner  root"  is  shown  in  fig.  12.  On  the  outside  is  a 
heavy  sclerenchyma  sheath,  which  in  some  roots  attains  a  thickness 
two  or  three  times  as  great.  Within  the  sheath  is  a  region  of  sightly 
thickened  parenchyma  which  extends  to  the  stele.  The  parenchyma 
region  is  the  one  which  Stkasburger  erroneously  called  the  outer- 
most region  of  the  root,  because  of  the  ease  with  which  it  is  separated 
from  the  adjoining  sclerenchyma,  Bruchuann  (4)  in  his  discus- 
sion of  L.  Selago  corrected  this  error.  The  tearing  between  the  two 
regions  is  due  not  to  a  lack  of  organic  connection,  but  to  the  weakness 
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of  the  middle  lamella  of  the  imier  cells.  It  is  so  delicate  that  any 
pressure  sufficient  to  section  the  sclerenchyma  sheath  is  almost 
certain  to  cause  a  splitting  of  the  middle  lamella.  Although  the  two 
regions  are  rather  sharply  defined,  there  are  always  a  few  cells  in  the 
transition  stage.  The  thin-walled  cortex  is  limited  by  the  endoder- 
mis,  which  although  not  sharply  differentiated  can  be  easily  recognized 
by  its  suberized  walls. 

In  the  genus  Lycopodium  there  is  great  variation  in  the  type  of 
stele  found  in  the  root.  Russow  (8)  has  described  that  of  L.  annoti- 
num  and  L.  camplanalum  as  being  almost  identical  with  that  of  the 
stem,  but  the  stele  of  L.  Selago  and  L.  inundalum  as  being  strikingly 
different.  L.  pithyoides  is  similar  to  L.  Selago.  The  vascular  strand 
is  collateral,  with  a  crescent-shaped  xylem,  the  phloem  lying  between 
the  horns  of  the  crescent.  The  protoxylem  is  found  regularly  occupy- 
ing the  horns,  but  occasionally  it  spreads  along  the  outer  region  of  the 
metaxylem.  There  is  no  evident  differentiation  into  protophloem 
and  metaphloem  either  in  root  or  stem.  Russow  in  his  discussion  of 
L.  Selago  regards  the  parenchyma  region  outside  the  xylem  as  belong- 
ing to  the  phloem,  and  consequently  classes  the  bundle  as  concentric. 
This  indefinite  region  may  be  one  or  two  cells  thick  or  may  be 
altogether  lacking,  and  it  seems  better  to  regard  it  as  pericycle  rather 
than  as  phloem.  It  consists  of  small  thin-walled  parenchyma  cells 
containing  protoplasm  and  nuclei,  with  none  of  the  wide-mouthed 
thick -walled  cells  which  characterize  the  phloem  region.  The  shape  of 
the  xylem  strand  varies  somewhat  in  different  parts  of  the  root.  The 
origin  from  the  stele  is  seen  in  figs.  13  and  14.  It  is  connected  with 
two  of  the  xylem  strands  and  one  of  the  phloem;  this  arrangement 
is  shown  in  the  primordium  stage  shown  in  fig.  4.    As  the  root  leaves 

the  stele  of  the  stem,  the  xylem  strands  move  togethr-  * ■ —  "  " 

shaped  figure,  with  the  closed  end  toward  the  center  c 
15  and  16.)  As  the  root  passes  down  the  stem,  the 
massed  together,  so  that  when  the  root  leaves  the  sten 
shown  in  fig.  17,  which  is  the  arrai^em'ent  characteri 
roots.  The  behavior  of  the  xylem  during  forking  of  tl 
in  figs.  18,  ig,  20.  The  xylem  divides  at  the  place 
strands  had  previously  united,  and  each  strand  rapii 
characteristic  crescent-shaped  form. 
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The  r^ion  of  exit  of  the  roots  extends  from  the  base  of  the  stem  to 
about  I '"  above.  Bruchuann  {3)  found  that  in  L.  Selcgo,  when  the 
stem  was  closely  oppressed  to  the  ground,  an  earlier  exit  was  favored. 
The  root  may  bend  abruptly 'and  leave  the  stem  at  a  right  angle, 
or  it  may  run  around  the  stem  for  a  short  distance  not  far  below  the 
epidermis,  leaving  the  stem  at  a  tangent;  but  it  is  more  usual  for 
the  root  to  turn  gradually  toward  the  outside  of  the  stem  and  leave 
it  obliquely.  The  root  hairs  which  in  the  "inner  roots"  develop  no 
further  than  the  trichobkst  stage,  develop  extensively  and  form  a 
dense  mat  around  the  external  root  (jig.  21).  The  epidermis,  which 
soon  disappears  in  the  "inner  root,"  is  persistent  in  the  external. 
In  an  old  stem  in  which  the  departing  roots  are  numerous  and  thickly 
crowded,  the  cortical  tissue  of  the  stem  becomes  torn  and  fragmentary. 
Most  of  it  disappears,  leaving  a  brush-like  mass  of  roots  with  very 
little  cortex  between  them. 

This  investigation  was  conducted  at  the  University  of  Chicago 
under  the  direction  of  Professor  John  M,  Coulter  and  Dr.  W.  J.  G. 
Land,  and  arose  incidentally  in  connection  with  an  investigation  of 
the  development  of  the  stele  of  Lycopodium. 
The  University  of  Chicago 
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EXPLANATION  OF  PLATES  V  AND  VI 

All  the  figures  were  drawn  with  the  aid  of  an  Abb^  camera  lucida  and  reduced 

one-half  in  reproduction.    Abbieviations  are  as  follows:   x,  xylem;    px,  pro- 

toxylem;  ^A,  phloem;  «,  endodennis;  ^e,  pericycle;  c,  (nrtex;  sc,  sclerenchyinai 

pl,  plerome;  ^,  periblem;  d,  dermatogcn;  ca,  calyptrogen;  pr,  primordium. 

PLATE  V 

Fig.  2.  Cross-sectionofstemshowingstelesuiToundedby "innerroots."    X8. 
Fig.  3,  Cross-section  of  stem  with  primordium  of  root.     X8. 
Fig.  4.  Primordium  of  root  at  its  origin  from  stele  of  stem.     X 160. 
Fig.  5.  Longitudinal  section  of  root  tip.     X  160. 

Figs.  6-8.  Dermalogen  of  root  showing  development  of  trichomes.     X375. 
Fig.  9.  Surface  view  of  trichoblast  cell  which  has  divided  to  form  two  tri- 
chomes.    X37S. 

Fig.  10.  Lon^tudinal  section  through  "inner  root"  at  ori^n.     x8o. 
Fig.  II.  Diagram  of  a  root-tip  of  an  "  inner  root,"  showing  dichotomy. 

PLATE  VI 

Fig.  la.  Cross-section  of  "inner  root."     X 180. 

Fig.  13.  Cross-section  of  "inner  root"  at  origin.     X180. 

Fig.  14.  Cross-section  of  stele  of  stem  at  origin  of  "inner  root"  (xylem 
strands  shaded).     x6o. 

Fig,  15.  Cross-section  of  stele  of  stem  showing  root  almost  separated  from 
stele.     x6o. 

Fig.  16,  Cross-section  of  stele  of  root  showing  shape  of  xylem  just  after  the 
root  leaves  the  stele  of  the  stem.     X 180. 

Fig.  17.  Cross-section  of  stele  of  root  just  above  the  place  where  the  root 
leaves  the  stem,     x  180. 

Figs.  18-30.  Cross-section  of  stele  of  root  showing  division  of  xylem  during 
forking  of  the  root.     X 180. 

Fig.  ai.  Cross-section  of  external  root.     X35. 
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THE  BLACK-FRUITED  CRATAEGUS  OF  WESTERN  NORTH 
AMERICA 

Mr.  W.  N.  Sttksdorf  has  sent  me  an  interes(ing  series  of  specimens  of 
black -fruited  Crataegus  collected  by  him  in  the  neighborhood  of  Bingen, 
Klickitat  County,  western  Washington,  and  has  called  my  attention  to 
some  distinct  variations  in  different  individuals  of  these  plants.  He  groups 
bis  plants  as  follows: 

1  (D).  Plants  with  normally  twenty  stamens;  fruit  usually  in  few- 
fruited  clusters,  generally  not  more  than  8""  in  diameter,  and  ripening 
sometimes  as  early  as  the  first  of  July  and  sometimes  not  until  the  middle 
of  August. 

a  (X).  Plants  with  rather  larger  flowers;  normally  ten  stamens;  fruit 
in  lai^e  drooping  clusters  often  i  to  i .  z<^™  in  diameter  and  ripening  in 
July.    This  form  seems  to  be  the  C.  Douglasii  Lindley  of  English  gardens. 

3  (F).  Plants  with  normally  ten  stamens;  fruit  in  few-fruited  often 
erect  clusters,  usually  8  to  lo™™  in  diameter,  and  ripening  from  July  to 
September.    This  and  the  following  I  cannot  distinguish  from  the  X  group. 

4  (Z).  Plants  with  ten  stamens;  fruit  as  small  as  that  of  D  and  ripening 
sometimes  as  late  as  September. 

The  black-fruited  thorn  of  the  northwest  was  discovered  by  David 
Douglas,  and  in  1830  was  named  by  Lindley  C.  Douglasii  (Bot.  Reg. 
pi.  810).  The  figure  in  the  Botanical  Register  represents  the  flowers  with 
ten  stamens,  and  in  a  grafted  plant  imported  from  Europe,  which  I  have 
cultivated  for  more  than  thirty  years  and  which  I  believe  to  be  one  of  the 
same  strain  as  the  plant  formerly  in  the  garden  of  the  Royal  Horticultural 
Society  at  Chiswick  from  which  Lindley's  figure  and  description  were 
made,  the  stamens  are  normally  ten,  although  sometimes  by  abortion  they 
are  as  few  as  five.  The  stamens  of  a  tree  of  C.  Douglasii  sent  to  the 
Arnold  Arboretum  many  years  ago  by  Max  Leichtlin  of  Baden  Baden 
are  mostly  twenty,  but  are  sometimes  reduced  to  twelve  or  fifteen.  The 
two  trees  in  other  characters  appear  identical,  and  except  in  the  number  of 
the  stamens  I  have  been  unable  to  find  any  character  by  which  these  two 
forms  can  be  safely  distinguished. 

On  all  the  specimens  of  this  black-fruited  form  which  I  have  seen  the 
leaves  vary  from  obovate  to  ovate;  they  are  cuneate  at  the  base,  rather 
Bot«iilctl  6«tetla,  vol.  44]  [64 
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coarsely  serrate  occasionally  nearly  to  the  base,  and  lobed  only  toward  the 
apex.  At  the  flowering  time  they  are  lustrous,  covered  above  with  soft 
white  hairs  most  abundant  on  the  midribs  and  veins,  and  pale  and  more 
or  less  villose  in  the  asils  of  the  veins  below,  later  becoming  subcoriaceous, 
dark  green,  and  very  lustrous.  The  flowers  vary  from  i.a  to  1.4^"  in 
diameter  and  are  produced  on  long  slender  glabrous  pedicels,  in  usually 
15-  or  16-flowered  compound  corymbs,  with  linear  caducous  bracts  and 
bractlets.  The  broad  calyx-tube  is  quite  glabrous  and  much  longer  than 
the  wide,  entire,  or  occasionally  minutely  dentate  lobes,  acute  and  bright 
red  at  the  apex  and  sparingly  villose  on  the  inner  surface.  The  anthers  are 
small  and  very  pale  rose  color,  and  the  styles  are  normally  five.  The  fruit 
is  black,  short-oblong,  crowned  by  the  persistent  calyx,  with  yellow,  succu- 
lent, rather  sweetish  Sesh;  the  nutlets,  which  in  many  of  Mr.  Suesdokf's 
specimens  are  abortive,  wTinkled,  and  much  reduced  in  size,  are  normaUy 
five,  obtuse  at  the  ends,  sli^tly  ridged  on  the  back,  and  irregularly  pene- 
trated on  the  inner  faces  by  shallow  longitudinal  cavities.  The  branchlets 
are  red  or  orange-red  and  very  lustrous,  and  the  spines,  which  are 
stout  and  nearly  straight,  and  generally  not  more  than  from  i  to  1.5"° 
in  length,  occasionally  on  vigorous  branches  become  nearly  4""  long. 
C.  Douglasii  is  the  common  species  of  the  northwestern  states,  extending 
north  into  British  Columbia,  south  into  northern  California,  and  eastward 
at  least  as  far  as  Wyoming.' 

Of  the  plants  collected  by  Mr.  Soksdobf,  those  with  twenty  stamens 
and  small  fruit,  placed  by  him  in  his  group  D,  vary  most  from  what  I  con- 
sider the  type  of  C.  Douglasii,  and  although  it  does  not  seem  possible  to 
distinguish  these  specifically,  they  certainly  constitute  a  well-marked  variety, 
for  which  I  surest  the  name: 

Crataegus  Douglasu  var.  Snksdorfil,  nov.  var, — A  shrub  sometunes 
8""  high,  with  numerous  stout,  erect,  and  spreading  stems. — Banks  of  the 
Columbia  River  and  borders  of  bottom  lands,  West  Klickitat  County, 
Washington,  W.  N.  Suksdorf,  1905-1906  (nos.  4034,  4919,  5026,  5031, 
5040). 

Another  plant  in  this  group  should  also  be  mentioned.  This  is  a  ten- 
stamened  plant  with  distinctly  chestnut-colored  fruits,  and  may  he  called: 

Crataegus  Douglasii  forma  badia,  nov.  forma. — It  grows  on  Union 
Flat,  six  miles  south  of  Pullman,  Washington,  with  the  black-fruited  C. 

■  Of  the  biack-fniited  Cralaegus  which  grows  at  a  few  stations  on  the  northern 
peninsulaof  Michigan  and  on  someof  the  islands  of  Lake  Superior,  and  which  has  been 
referred  to  C.  Douglasii,  flowers  have  not  been  collected  and  its  true  specific  position 
cannot  be  determined  b1  present. 
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DttugtasH  which,  although  it  flowers  ten  days  later,  it  otherwise  resembks 
eioept  in  the  color  of  the  fniit.  This  interesting  plant  has  been  collected  at 
different  times  between  1896  and  1902  by  Mr.  C.  V.  Piper  (nos.  3358, 
2454.  3599.  3810,  and  3826).' 

The  following  synopsis  of  the  species  of  the  Dodglasae  group  may 
aid  in  the  determination  of  the  species: 

Anthers  slighdy  tinged  with  rose  color;  calyx-lobes  entire  or  mbutely  den- 
tate, sparin^y  villose  on  the  inner  surface;  fniit  short-oUong  to  subglobose; 
nutlets  5,  obtuse  at  the  ends,  slighdy  ridged  on  the  back,  irregularly  penetrated 
on  the  inner  face  by  shallow  lon^tudinal  grooves. 

Leaves  subcoriaceous,  very  lustrous,  obovate  to  broadly  ovaK,  coaisely  ser- 
rate, usually  lobed  toward  the  apex,  more  or  less  villose  while  young,  gen- 
erally becoming  ^brous;  stamens  5-30,  normally  10;  spines  numerous, 

usually  short  and  stout i.  C.  Douglasn. 

Leaves  thiniter,  lanceolate  to'oblong-obovate,  acute  at  the  ends,  finely  serrate, 
not  lobed,  covered  above  while  young  with  soft  white  hairs,  soon  g^brous; 
stamens  10;  spines  few,  long  and  slender  or  wanting     .    .  a.  C. 

rivutaris.' 

— C.  S.  Sabgent,  Arnold  Arborehtm. 
'  C.  CaylussiKia  Heller  (Bull.  South.  Cal.  Acad.  Sd.  a:68.  1903)  is  one  of  the 
Uack-fruiled  group  and  was  collected  by  Heller,  August  zo,  1901,  at  Sebaslopol  [n 
Sonoma  County,  California.  Flowera  have  not  Ijeen  seen,  and  I  suspect  that  It  will 
turn  oui  lo  be  one  of  the  small -fruited  forms  of  C  Douglasii.  The  leaves  are  smaUer, 
however,  and  rather  thinner  than  those  of  the  ordinary  forms  of  that  species,  and  they 
are  still  slightly  hairy  on  (he  upper  surface  at  the  end  of  August  when  the  fruit 
appears  to  have  been  fully  ripe. 

3  C.  rimdaris  is  a  more  southern  species  than  C,  Douglasii  and  is  confined  to  the 
interiorof  the  continent.  It  is  most  abundant  on  the  Wasatch  Mountains  of  Utah  and 
ranges  to  southwestern  Colorado  and  western  Wyoming. 
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MINOR     NOTICES 

MechAiiica  of  wll  diTiuon.^In  3  study  of  the  mechaoics  of  cell  divbion, 
GiESENHAOEH'  presents  the  following  canduaioru.  The  nucleus,  even  in  the 
resting  condition,  has  a  definite  polsrity,  so  that  it  can  divide  only  in  a  predeter- 
mined direction.  The  median  jdane  in  which  the  cell  plate  will  appear  at  mitosis 
is  the  equatorial  plane,  and  the  axis  is  peipendicular  to  its  center.  The  axis  of  ibe 
nucleus  is  definitely  detennined  by  the  preceding  mitosis,  its  most  common  position 
being  that  of  the  axis  of  the  mother  cell,  or  a  position  at  right  angles  to  the  axis 
of  the  mother  cell.  If  the  nuclei  maintain  their  positions  without  any  movement, 
there  will  be  a  succession  of  anticlines  and  peridinea,  but  many  causes  may  change 
the  position  of  the  nucleus  and  affect  the  direction  of  its  axis  and  consequently 
the  plane  of  the  wall  to  be  fonned  when  the  nucleus  divides.  The  numerous 
variations  from  the  peridinal  and  anticlinal  divisions  are  discussed  and  sugges- 
tions are  made  as  to  their  causes. — Chasles  J.  Chaicberlain. 

American  Breeders'  Asiodation. — The  [wooeedinp  of  the  meeting  held  at 
Lincoln,  Nebraska,  January  17-19,  1906,  have  just  been  published  as  the  second 
volume  issued  by  the  Association.  Naturally  the  papeis  vary  widely  in  subject 
and  in  value,  and  it  b  impossible  to  estimate  them  by  reading.  It  is  dear,  how- 
ever, that  fundamental  biological  problems  are  being  considered;  and  that  views 
and  data  are  being  recorded  that  are  extremely  suggestive.  Among  the  strictly 
botanical  topics  may  be  noted  the  following:  Tobacoo  breeding.  The  com  plant  as 
affected  by  date  of  planting,  Some  correlsted  characters  in  wheat  and  their  trans- 
mission, Plant  adaptation,  A  method  of  breeding  a  strain  of  alfalfa  from  a  single 
individual,  Correlation  of  characters  in  plant  breedin^^  Variation  in  wheat  hybrids, 
Breeding  drought-resistant  crops.  Fundamental  requirements  for  grain  breeding. 
Value  of  com  pollen  from  suckers  vs.  main  stalks,  A  theory  of  heredity,  etc. — 
J.  M.  C. 

The  Dillenian  Hvbtria. — The  herbarium  of  the  University  of  Oxford 
contains  some  collections  of  great  historical  interest,  among  which  those  of  Dn.- 
uunus  (1684-1747),  the  fiisl  "Sberardian"  professor  of  botany,  are  conspicuous. 
An  account  of  the  Dillenian  herbaria  has  just  been  published,  together  with  a 
biogniphical  sketch,  selections  from  corre^>OBdence,  etc.,  by  Dbuce,'  edited  and 
withanintroductionby  Vines,  the  present  "Sberardian"  professor.    The  collec- 

■  GiESENHAOEN,  K.,  Studien  Uber  die  Zellteilung  im  Pflanzenreiche,  ein  Beitrag 
Eur  EntwickelUD^mechanik  vegetabilischer  Gewebe.  Sn>.  pp.  gi.  Stuttgart:  Fr. 
Grub.   1905. 

■  Drvce,  G.  Clakidoe,  and  S.  H.  Vines,  The  DiUeni&n  herbaria,  pp.  cBi+  15S. 
Oxford:  The  Clarendon  Press.     1907-  l»  sh. 
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tions  of  DiLLENius  relate  to  "subjects  so  diverse  as  the  investigation  of  the 
British  Flora,  especially  that  of  Wales;  the  botanical  exploration  of  North  Amer- 
ica; the  botany  of  the  exotics,  especially  succulents,  cultivated  in  his  time;  and 
the  classification  of  cryptogamic  plants."  The  DiUenian  herbaria  are  three; 
that  of  the  Synopsis;  that  of  the  Hartus  Etihamensis;  and  that  of  the  Hisloria 
Muscorum. — J.  M.  C. 

Plant  cbemittry. — The  original  papera  and  addresses  on  plant  chemistry,  pub- 
lished by  Helen  C.  E>eS.  Abbott  Michael  (b.  1857,  d.  1904),  have  been  col- 
lected and  reprinted,  together  with  a  bbgraphical  sLelch  (no  pp.)  and  four 
literary  papers,  to  form  a  neat  volume.^  Mrs,  Michael's  scientific  training  nas 
obtained  under  extraordinary  difficulties,  and  her  work  was  made  somewhat 
scattering  by  reason  of  the  very  alertness  and  eagerness  of  her  mind.  Her  con- 
tributions to  a  knowledge  of  the  constituents  of  plants,  especially  the  glucosides, 
are  more  valuable  than  her  theories  as  to  the  correlation  of  plant  fonn  and  clas- 
sification with  the  i^ature  and  distribution  of  chemical  compounds.  The  book  in 
its  editing  shows  some  unfamiliarity  with  scientific  names  and  terms.  It  is  a 
worthy  memorial  to  one  whose  work  was  cut  short  by  an  untimely  death. — C.R.B. 

Flora  of  Guatemala.— John  Donnell  Smith  has  published  as  the  eighth 
part  of  his  Efutmeralio  an  index*  of  the  preceding  parts.  The  species  are  arranged 
alphabetically,  and  7979  numbers  are  cited,  representing  3736  species,  1189  of 
which  are  not  contained  in  Heusley's  Biologia  Cenlrali-Americana.  Incorrect 
determinations  and  faulty  nomenclature  are  also  corrected.  The  author  is  to  be 
congratulated  on  the  complete  way  in  which  he  has  investigated  the  flora  of  thb 
region  and  organized  his  results. — J.  M.  C. 

London  botanic  gardens.— M.  PEi(RtDi:5  has  brought  together  in  a  sin^ 
publication^aseriesof  papers  that  appeared  in  the  American  Journai  oj  Pharmacy. 
The  three  gardens  described  are  Kew  Gardens,  The  Royal  Botanic  Society's 
Gardens  in  Regent's  Park,  and  The  Chelsea  Physic  Garden.  The  numerous 
admirable  illustrations  thai  accompany  the  text  make  these  gardens  very  real  to 
the  reader.— J.  M.  C. 

Pflannafamiliea.* — Parts  227  and  228  contain  the  completion  of  the  Lembo- 
phyUaceae,  and  the  presentation  of  Entodontaceae,  Fabroniaceae,  Pilotrichaceae, 
Nematoceae,  and  Hookeriaceae,  by  V.  F.  Brotherus.    The  third  part  of  the 

J  Michael,  H.  A„  Studies  in  plant  and  organic  chemistry.  Svo.  pp.  423.  Cam- 
bridge:  The  Riverside  Press.    1907.  $2.50. 

'  Smith,  John  Donnell,  Enumcratio  planiarum  Guatcmalcnsium  etc.  Pars 
VIII,  pp.  »ii.     Oquawka.  Illinois:   H.  N.  Patterson.  1907. 

s  Pebr^d^s,  Pierre  Elie  F^lix,  Ij^ndon  Botanic  Gardens,  pp.  100.  pis.  31, 
London:   The  Wellcome  Chemical  Research  Laboratories,   1907. 

*•  Enoler,  a.,  und  Prantl,  K.,  Die  naiurlichen  Pflanzenfamilien.  IJeE.  127  und 
128  und  Erganzungsheft  II,  Lief.  3.     Leipzig:   Wilhelm  Engelmann.   1907. 
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second  auj^lement  continues  the  literature  of  1899-1904  in  reference  to  dicoty- 
ledons from  £u[:JiorbiBceae  to  Sapotaceae. — J.  M.  C. 

Florm  of  WinneshiBk  Co.,  Iowa. — Shucee'  has  published  an  account  of  the 
plants  of  one  of  the  counties  of  Iowa,  prefacing  the  annotated  list  by  a  discussion 
of  the  forest  problem,  ornamental  plants,  forage  plants,  weeds,  and  medicinal 
plants.— J.  M.  C. 

Eucalyptus. — The  ei^th  part  of  Maiden's*  revision  of  Eucalyptus  contains 
the  description,  synonymy,  range,  and  affinities  of  seven  species.  This  series, 
begun  in  1903,  now  includes  twenty-four  species. — ^J.  M.  C. 

Das  Pflanienrefch.* — Part  38  contains  the  group  Calceolarieae  of  Scrophu- 
lariaoeae.  The  three  genera  are  Porodittia  (i  sp.),  JoveUana  (6  spp.),  and 
Calceolaria  {192  spp.,  with  9  new). — J.  M.  C. 

NOTES   FOR  STUDENTS 

Apogany  and  apospory  in  ferni  .—Professor  Faruer  and  Miss  Digby  have 
published'"  the  results  of  their  studies  of  apogamy  and  apospory  in  ferns.  The 
forms  described  are  Laslrea  pseudo-mas  vara,  polydaclyla  Wills,  polydaclyla  Dadds, 
and  cristala  afospora  Druery;  Alhyrium^FUix-joemina  vara,  clariisima  Jones, 
darisTtma  Bolton,  and  uncoglomeraUtm  Stansfield;  and  Scohpmdrium  vulgare 
var.  criipum  Dntmmomiae. 

In  Athyrium  Filix-joemina  ciarissima  Jones  there  is  no  change  in  the  number 
of  chromosomes  in  passing  from  the  sporopbyte  to  the  gametophyie  phase  of  the 
life-history;  and  there  is  no  migratbn  of  nuclei  from  one  prothallial  cell  to  another. 
The  embryo  arises  as  a  bud  upon  the  gametophyte. 

In  Athyrium  FUix-joemina  darissima  Bolton  there  is  no  reduaton  of  chro- 
mosomes, no  true  fertilization,  no  migration  of  prothallial  nuclei,  and  the  embryo 
develops  from  an  unfertilized  egg. 

In  Athyrium  Filix-joemina  uncoghmtrolum  Stansfield  the  embryo  arises  in 
connection  with  an  archegonium,  but  details  were  not  discovered.  The  number 
of  chromosomes  (about  too)  is  maintained  throughout  the  life-history  and  there 
is  no  migration  of  prothallial  nuclei. 

In  Scolopendrium  vidgare  crispum  Drummondae  a  remarkable  condition  is 
described.  The  number  of  chromosomes  in  sporophyte  nudei  is  about  100, 
in  prothallial  nuclei  about  70,  in  archegonial  nuclei  about  80,  and  in  antheridial 

'  Sbihee,  B.,  Flora  of  Winneshiek  County,     Iowa  Geol.  Surv.  16:147-111.   1906. 

s  Maipe:N,  J.  H.,  A  critical  revision  of  the  genus  Eucalyptus.  PartVIII.  pp.  iii- 
354.  ph.  37-40.    Sydney:  Published  by  State  of  New  South  Wales.   1907.  ai.  6d. 

"  Engler,  a.,  Daa  Pflanzenreich.  Heft  28.  Scrophulariaceae  Antirrhinoideoe- 
Calceolarieae  von  Fr.  Ki&nztin.  pp.  iiS.  figs.3I{l4i).  Leipzig:  Wilhelm  Engelmann. 
1907.    Jf6.40. 

10  Farmer,  J.  Bbetland,  and  L.  Dicbv,  Studies  in  apogamy  and  apospory  in 
ferns.     Annals  of  Botany  31:161-109.  P^''  t^-io.  1907, 
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nuclei  between  70  and  82.  There  is  no  cydic  alteration  in  the  number  of  chn>- 
mosomes,  and  no  migration  or  fusion  of  nudei  of  prothallial  cells.  The  embtyo 
aiiscB  from  the  unfertilized  egg. 

In  Laslrea  pseudo-mas  p<^ydactyla  Wills,  the  authors  still  muntain  their  cUim, 
made  in  a  preliminary  paper,  that  there  is  a  migration  and  fusioD  of  prothaltbl 
nuclei,  thus  initiating  the  sporophytic  phase.  There  is  a  normal  reduaion  of 
chromosomes. 

In  Laslrea  pseudo-mas  polydoclyla  Dadds  there  is  a  reduction  of  chromosomes 
and  the  spiorophyte  is  initiated  by  a  migration  and  fusion  of  prothallial  nuclei. 
The  embryo,  however,  comes  from  a  projection  which  may  be  regarded  as  an 
arrested  archegonium. 

In  Laslrea  pseudo-mat  cristata  apaspora  Druery  there  is  no  reduction  of  chro- 
'  mosomes  and  no  migration  of  prothallial  nudei.  The  ntunber  of  chromosomes 
shows  a  remarkable  variation,  there  being  60  in  nuclei  of  prothallial  cells,  about 
78  in  nuclei  of  the  embryo,  and  about  go  in  nuclei  of  antherozoids. 

These  various  forms  may  be  arranged  in  two  categories,  one  in  which  spores 
are  produced  in  connection  with  the  usual  reduction  of  chromosomes;  and  the 
other  in  which  there  is  no  spore  formation  or  reduction  of  chromosomes,  the 
embryo  appearing  as  an  outgrowth  from  the  sporophyie.  The  wide  variation  in 
the  number  of  chromosomes  is  not  thought  to  be  due  to  inaccuracy  in  counting, 
but  to  a  real  difference.  The  authors  believe  that  the  fluauation  might  seem  to 
negative  any  value  being  attached  to  the  number  of  chromosomes. 

After  a  lengthy  discussion  a  general  conclusion  is  drvwn  which  is  quite  at 
variance  with  current  notions,  namely  that  there  is  no  necessary  correlation 
between  the  periodic  reduction  in  the  number  of  chromosomes  and  alternation  of 
generations.  Fertilization  and  reduction,  however,  are  recognized  as  holding  a 
definite  causal  relation  to  each  other,  but  without  assuming  any  necessary  connec- 
tion between  either  of  them  and  any  other  features  in  the  life-history. — Charles 
J.  Chauberlain. 

Ap^amy  in  Marsilia. — While  investigating  apogamy  in  Alchemilla,  Stras- 
BtntCER"  realized  the  desirability  of  eitamining  apogamy  in  other  groups.  Since 
Mar^lia  had  been  reported  to  produce  embryos  without  fertilization,  he  secured 
material  from  various  botanists,  and  even  obtained  sporocarps  from  spedmens 
in  the  Kew  and  Berlin  herbaria.  Some  of  the  sporocarps,  known  to  have  been 
collected  mote  than  thirty  years  ago,  germinated  readily. 

In  some  species,  notably  M.  Drummondii,  the  megaspores  when  isolated  from 
microspores  produce  protballia  and  embryos  almost  as  abundantly  as  when 
microspores  are  present.  Sections  show  that  embryos  often  develop  from  eggs 
without  fertilization,  and  that  nuclei  of  these  embryos  have  32  chromosomes,  the 
2X,  diploid,  or  sporophyte  number,  as  was  found  by  comparing  mitoses  in  root 
tipe  and  other  vegetative  siruaures.  Megaspores  are  formed  which  have  3X 
chromosomes  in  their  nudei,  the  reduction  of  chromosomes  having  failed  to  take 
"  Strasbuboeji,  E.,  Apogamy  bei  Marsilia.     Flora  97:123-191.  pit,  j-8.  1907. 
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{dace.  Such  megaspoTea  form  piottmllia  whose  nuclei  have  ax  chromosomes, 
and  finally  on  egg  is  fonned  with  ax  chromosomes,  and  this  egg  develops  an 
embryo  with  tx  chromosomes;  so  that  the  sporophyte  number  of  diromosomes 
is  maintained  throughout  the  life-history.  But  in  the  same  spedes  there  are 
instances  of  reduction  of  chromosomes,  so  that  prothallia  and  egg  have  the  x 
or  gamelophyte  number. 

In  forms  which  produce  apogamous  embryos,  microsporogenesis  is  likely 
to  be  abnormai,  the  development  often  stopping  before  the  nucleus  of  the  micro- 
spore mother  cell  divides;  but  here  again  normal  microspores  with  the  reduced 
number  of  chromosomes  are  sometimes  formed.  The  nuclei  of  the  x  and  ax 
prothallia  can  be  distinguished  in  a  general  way  by  their  size,  the  diameter  of  the 
nuclei  in  ax  prothallia  being  about  one-third  greater  than  those  in  x  prothallia; 
also  the  diameter  of  the  eggs  with  ax  chromosomes  b  about  one-fourth  greater 
than  that  of  eggs  with  the  teduoed  number. 

STRASBintGER  uses  the  term  apogamy  rather  than  parthenogenesis  because 
be  regards  an  egg  with  ax  chromosomes  as  a  purely  vegetative  cell.  He  would 
use  the  term  parthenogenesis  only  in  case  an  egg  with  x  chromosomes  should 
develop  an  embyro  without  fertilization.  Even  if  ax  chromosomes  should  appear 
at  the  first  mitosis  in  such  an  egg,  he  would  still  regard  it  as  a  genuine  case  of 
parthenogenesis. 

The  preparations  naturally  showed  many  stages  in  the  development  of  spore 
membranes.  Shortly  before  the  spore  reaches  the  periphery  of  the  vesicle  con- 
taining it,  the  perinium  appears.  This  is  a  delicate,  fine-pored  membrane 
(Hdvleken)  laid  down  upon  the  surface  of  the  vesicle  by  the  surrounding  tapetal 
Plasmodium.  The  prismatic  layer  is  then  kid  down  upon  the  delicate  membrane. 
The  ezine,  mesopore,  and  endospore  are  then  developed  in  succession  upon  the 
protoplast  of  the  spore.  This  study  supports  the  view  that  Dell  membisnes 
arise  only  in  direct  relation  with  protoplasm. — Cbaiiles  J.  Chahberlain. 

Items  of  Uionomic  interest.— S.  M.  Bain  and  S.  H.  Essary  (Joui.  Mycol. 
12:19a,  193.  1906)  have  desciibed  a  new  antbracnose  of  alfalfa  and  red  clover 
iCoUeiolrichum  trilolii),whidiis  a^d  to  be  the  most  serious  plant diseaseoccurring 
in  Tennessee. ^J.  M.  Gseenuan  (Field  Columbian  Mus.  Publ.  Bot.  Ser.  2 :  185- 
190.  1907)  has  published  10  new  spedes  of  Citharezylum  as  preUminary  to  a 
synoptical  revision  of  the  genus. — E.  Hassler  (Bull.  Herb.  Boiss.  II.  7: 161-164. 
figs.  5.  r907)  has  described  a  new  genus  (Dolichcpsis)  of  Leguminosae  from 
Paraguay.— L.  A.  Dode  (idem  347,  348.  figs,  j)  has  described  a  new  species  of 
Juglans  (/.  daeopyren)  from  the  Santa  CataUna  Mountains  of  Arizona;  it  is 
distributed  in  Pringle  of  18S1  as  /.  rupesHis  Engelm.,  and  the  type  is  in  Herb. 
Barbey-Boisaer.— A.  H.  Moore  (Proc.  Amer.  Acad.  42:511-569.  1907),  in  a 
revision  of  the  confused  genus  Spilanthes,  recognizes  63  species;  describes  as 
new  a  subsections,  8  species,  4  varieties,  and  7  forms;  and  makes  14  new  com- 
binations.—W.  H.  Blanchard  (Torreya  7:55-57-  1907)  has  described  a  new 
Rubus  (blackberry)  from  the  vicinity  of  Philadelphia  and  Washington. — J.  R. 
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Dkdhuond  (Kew  Bull.  1907:90-93)  has  described  a  new  genus  (Chlamydites) 
of  CompOMtae  from  Tibet. — H.  D.  House  (MuhlenbergU  3137-46-  1907)  has 
described  i  s  new  species  of  Ipomoea  from  Mexico  and  Central  America.— Rehdeb 
(RhoHora  9:60-61.  1907)  has  published  a  new  variety  of  Quercus  prinoides 
from  Mass.  and  N.  J.^FmETand  Gagnepain  {Bull.  Soc.  Bot.  France  IV.  6:55- 
170.  pis.  <f-iO.  1906),  in  continuation  of  their  Flore  de  PAsie  oritntaie,  have 
presented  the  Anonaceae,  including  35  genera  represented  by  249  species,  iS  of 
which  are  new. — 0.  E.  Jepojings  (Ann.  Carnegie  Mus.  4: 73-77.  pi.  30.1906)  has 
described  a  new  species  of  Lonicera(£.iiMjnffM)  from  Fenn.—H.D.  House  (Bull. 
Torr.  Bot,  Club  34: 143-155.  1907),  in  hb  third  paperonN.  Am.  Convolvulaceae, 
has  described  a  new  species  of  Calycobolus. — K.  K.  Mackenzie  (idem  151-155) 
has  described  4  new  western  species  of  Carex. — W.  W.  Rowlee  (idem  157-159) 
has  described  2  new  species  of  Salix  from  the  Canadian  Rocky  Mountains. — 
J.  M.  C. 

Riella  and  Sphaerocarpus. — In  the  eleventh  of  hb  Archegomaietisludieit 
GOEBEL  discusses  germination  and  regeneration  in  these  abenant  liverworts," 
in  extension  of  the  investigations  recorded  in  no.  iv.  Having  an  abundance  of 
living  material,  Riella  being  easily  cultivated,  he  is  able  to  show  that  the  peculiar 
"wing"  of  Riella  b  not  an  "ouigrowtb"  from  an  earlier-formed  midrib,  but  that 
the  germ-dUk  lies  in  the  same  plane  as  the  wing  and  expands  directly  into  the 
plant  (homoblastic  development),  as  soon  as  the  intercalary  growing  point  b 
organized  and  becomes  active. 

Herein  he  controverts  Solms-Laitbach  and  Porsild,  who  seem  to  consider 
the  development  as  beteroblastic,  holding  that  the  thallus  arises,  as  a  different 
structure,  so  to  speak,  from  tbe  germ-dbk  (which  Solus  called  protonema  and 
Porsild  the  primordial  lobe),  much  as  a  sphagnum  stem  arises  from  iis  prothallus. 
GoEBEL  (who,  however,  denies  any  special  interest  in  such  a  question),  in  agree- 
ment with  PoKSiLD  but  contrary  to  SoLus,  finds  no  wedge-shaped  apical  cell  in 
the  growing  point  until  a  late  stage  of  development.  When  after  injury  or  under 
bad  conditions  adventive  shoots  aie  formed,  whether  on  the  thallus  or  germ-dbk, 
there  b  first  the  production  of  simple  one-layered  regions  like  the  germ-dbks,  i.e., 
secondary  disks,  and  from  these  the  new  thalli  arise  directly,  as  in  sporelings. 

In  Sphaerocarpus  the  spoic  produces  a  germ  tube,  which  at  its  end  becomes 
a  multiGellular  cylinder  with  a  depressed  tip.  From  one  quadrant  of  the  cupped 
end  the  vegetative  point  arises  and  from  two  others  the  wings  proceed.  The  germ 
cylinder  thus  produces  the  thallus  homoblastically.  In  adventive  shools  the  same 
phenomena  recur.  Goebel  confirms  Lettceb's  statement  as  to  the  precocious 
formation  of  sex  organs,  plants  only  o.i""  showing  their  rudiments."  The 
largest  sterile  thallus  found  (and  thb  was  far  beyond  tbe  usual)  was  i™^  long. — 
C.  R.  B. 

'•  Goebel,  K.,  Anhegoniaienstudien.  XI.  Weilere  Unteisuchungen  ilber  Kei- 
mung  und  Regeneration  bei  Riella  und  Sphaerocarpus.     Flora  97;  191-114.  figi.  2j. 

millimeter." 
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Reapiratioii. — In  accordance  with  the  theory  th&t  in  aerobic  respiratJon 
oxygen  acts  as  a  depolarizer,'*  Packard  finds''  that  when  carbohydrates  which 
can  be  absorbed  (e.g.,  maltose,  glucose,  fruaose)  are  injected  peritoneally  into 
Fundultu  htteraditus  the  resistance  to  deprivation  of  oxygen  b  greatly  increased; 
which  the  author  explains  on  the  assumption  that  the  sugars  act  as  depolarizers. 
He  also  concludes  that  the  decrease  in  resistance  lo  lack  of  oxygen  shown  by 
Fundulus  embryos  In  successive  sta^s  of  development  is  due  10  the  using-up  of 
material  (probably  carbohydrates)  stored  in  the  egg. 

A.  paper  has  been  published  by  Hsitbv,'^  which  conforms  in  general  to  tbe 
more  modem  views  as  to  the  nature  of  respiration;  and,  though  it  adds  nothing 
new,  it  will  aid  in  the  propagation  of  better  ideas  among  European  students. 

KosTYTSCHEw  reports  that  AspergiUus  niger  fed  with  sugar  produces  little 
CO,  under  anaerobic  conditions  in  a  gaseous  medium,  but  when  submerged  in  a 
sugar  solution  it  produces  CO>  and  alcohol  abundantly  in  the  same  ratio  as  in 
alcoholic  fermentation." 

Palladin  and  Kostytschew  concluded  that  tbe  anaerobic  respiration 
of  frozen  lupines  and  stems  had  nothing  to  do  with  alcoholic  fermentation.'* 
Now  they  add"  that  alcohol  formation  (in  consequence  of  anaerobic  respira- 
tion of  seed-plants)  only  occurs  in  the  presence  of  carbohydrates;  and  when 
tbey  are  absent  COj  is  formed  without  alcohol.  The  chemics  of  this  sort  of 
anaerobic  respiration  they  leave  for  further  investigation. — C.  R.  B, 

The  algal  flora  of  the  tropics. — Fritsch"'  has  reached  tbe  following  conclu- 
sions from  a  study  of  the  subaerial  and  freshwater  algae  of  the  tropics.  There  is 
evidence  that  in  the  damp  tropics  there  is  always  a  very  extensive  subaerial  algal 
covermg,  which  probably  consists  almost  entirely  of  Cyanophyceae,  which  may 
thus  be  regarded  as  an  essentially  tropical  group.  This  group  may  be  the  descend- 
ants of  primitive  algal  foima  which  existed  at  earlier  periods  under  conditions 
analogous  to  those  found  in  the  damp  tropics  at  the  present  day.  Trentepohlia 
is  the  only  genus  of  green  algae  that  is  really  successful  in  the  subaerial  flora.    In 

'*  Barnes,  C.R.,Thctheoryof  respiration.  Boi. Gazette 39:96.  1905.  Math- 
ews, A.  P.,  A  theory  of  the  nature  of  protoplasmic  respiration  and  growth.  Biol. 
BuU.  8:331.   1905. 

■!  Packard,  W.  H.,  The  effect  of  carbohydrates  on  resistance  to  lack  of  oxygen. 
Am.  Jour,  Physiol.  18:164-180.   1907. 

'■•HRnBY,  J.,  Die  Atmung  der  Pflanzen.  Beih.  Bot.  Centralbl.  3i':r56-i7*. 
'figs.  3.     1907. 

'7  KosTYTSCHEW,  5.,  Ueber  die  Alkohol^rtmg  von  Aiprrgillut  niger.  Ber. 
Deutsch.  Bot.  Gesells.  35:44-50.  1907. 

■'*BoT.  Gazette  42:397.  1906. 

"  pALirfU>m,  W.,  and  Kostytschxw,  S.,  Ueber  am 
pBanzen.     Ber.  Deutsch.  Bot.  Gesells.  35:51-56.  1907. 

'<>  Frttscb,  F.  E.,  The  subaerial  and  freshwater  a 
pbytogeographical  and  ecological  study.     Annals  of  Boi 
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the  submei^ed  algal  flora  of  tropical  fre^wateis  the  CyanofAyceae  also  ci 
a  very  important  element,  though  not  as  pteponderant  as  in  the  subaerial  flora. 
This  freshwater  flora  is  composed  of  forms  in  which  narrow  filaments  are  much 
more  abundant  than  broad  ones,  a  fact  thought  to  be  related  to  the  small  amount 
of  dissolved  oxygen  in  the  water.  Cladophora  and  Rhizodonium  are  veiy  poorly 
represented,  and  Vaucheria  and  Botrydium  are  very  rare.  The  Confervales  are 
not  very  well  represented,  and  probably  the  TJIotrichales  do  not  attain  much 
development.  Spirogyra,  on  the  other  hand,  is  even  more  abundant  in  the  tropics 
than  in  northern  latitudes.  The  desmids  show  a  marlced  filamentous  tendency, 
which  may  be  due  to  poor  aeration.  Oedogonjum  is  very  abundant,  and  the 
freshwater  red  algae  are  not  at  all  uncommon. — }.  H.  C. 

GametopbytM  and  embryo  of  Libocedmi.— Lawson"  has  added  Litracedrus 
to  the  investigated  Cupressineae  and  shows  that  it  agrees  in  all  essential  characters 
with  the  other  genera  of  the  group,  as  may  be  seen  from  the  foUowing  outline  of 
the  results.  No  prothallial  celb  are  formed  in  the  pollen'grain,  which  at  shedding 
contains  the  generative  and  tube  nuclei.  The  pollen  tube  advances  very  directly 
to  the  archegonial  chamber,  and  upon  its  arrival  the  body  cell  divides  to  form 
two  large  and  equal  male  cells.  One  to  three  megaspore  mother  cells  occur  and 
each  gives  rise  to  a  tetrad.  The  functioning  megaspore  becomes  filled  with 
endosperm  tissue  in  the  usual  way,  and  the  megaspore  membrane  is  poorly  devel- 
oped. The  archegonia  range  in  number  from  six  to  twenty-four,  and  are  grouped 
in  a  single  complex,  invested  by  a  single  layer  of  jacket  ceUs.  The  ventral  canal 
celt,  as  in  other  Cupressineae,  b  represented  only  by  its  nucleus.  The  contents 
of  the  pollen  tubes  are  discharged  into  the  common  archegonial  chamber,  so  that 
both  male  celb  in  a  tube  may  function.  In  fertilization  the  male  slips  from  its 
cytoplasmic  sheath  and  unites  with  the  egg  nucleus.  The  two  nuclei  arising 
from  the  division  of  the  fusion  nucleus  pass  to  the  bottom  of  the  egg  and  by  two 
successive  divisions  form  eight  free  nuclei  before  wall-formation.  The  oeUs  of 
the  proembryo  are  arranged  in  the  usual  three  tiers. — J.  M.  C. 

Erolutionof  the  vascular  system  of  ferns. — Tanslev"  has  begun  the  publica- 
tion of  a  series  of  lectures  on  the  evolution  of  the  vascular  system  of  the  Fili- 
dneae,  the  first  considering  the  origin  of  the  pteridophytes.  The  lecturer  commits 
himself  to  the  following  positions:  that  bryophytes  and  pteridophytes  have  arisen 
from  the  algae  independendy;  that  the  alternation  of  generations  of  the  former 
b  "antithetic,  "of  the  latter  "homologous;"  that  the  prevailing  habit  of  dichotomy 
among  the  Filicineae  indicates  ancestors  of  the  dichotomously  branching  thallus' 
type,  in  which  the  "sporangiferous  thallus  became  specialized  for  assimilatory 
functions;"   that  from  such  forms  the  "Tilicales,  Sphenophyllales,  and  Equise- 

"  Lawson,  Ahstkothzr  a.,  The  gametophyies  and  embryo  of  the  Cupres- 
sineae with  special  reFerence  lo  Libocednts  decurrens.  Annals  of  Botany  >l :  181-301. 
ph.  24-26.  1907. 

"  Tansley,  a.  G.,  Lectures  on  the  evolution  of  the  filidnean  vascular  system.  1. 
New  Phytol.  6:»5-3S.   1907. 
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tales  originated,  the  first  group  retaining  ihe  characters  of  the  primitive  tj'pe;" 
and  that  the  Lycopodiales  "may  perhaps  be  regarded  as  an  extreme  case  of  leaf 
reduction  in  one  of  these  lines." — J.  M.  C. 

Apoganiy  in  Hieradum.^RosENDERG"  finds  that  in  Hitracium  auricula 
and  H.  ve^osum  the  development  of  pollen  and  embiyo  sacs  is  normal  and  fertili- 
zation occurs  regularly;  there  are  9  chromosomes  in  the  gamelophyte,  18' in  the 
spomphyte,  and  27  in  the  endosperm.  Most  species  of  Hieiacium,  however,  are 
apogamous,  and  their  embryo  sacs  are  formed  without  any  icduaion  division. 
Usually  they  do  not  arise  from  megaspones,  bui  from  cells  of  the  inteKU'^ent  or 
chalaza;  that  is,  the  gametophyte  is  aposporous  and  contains  the  sporophytic  num- 
ber of  chromosomes.  In  H.  exctUtns  an  embryo  sac  with  the  reduced  number 
of  chromoscMnes  is  often  formed,  but  there  are  usually  apospiorous  sacs  in  the 
same  head.  This  shows  why  H.  excellcKS,  in  spite  of  its  being  apogamous,  may 
also  produce  hybrids. — Chakles  J.  Chamberlain. 

Geographic  distribution  of  cIoMly  related  spedei. — Leavttt'*  has  published 
a  study  of  the  distribution  of  species  in  reference  to  their  evolution.  The  topics 
discussed  are  "  the  efiects  of  different  evolutionary  agencies  upon  speciGc  distribu- 
tion," "ttie  necessity  of  isolation  and  Mendelian  inheritance,"  "specific  distribu- 
tion in  the  animal  iiingdom,"  "the  distribution  of  plants,"  and  "evidence  from 
North  American  Orchidaceae."  The  problems  are  stated  and  solutions  are  not 
attemjited,  but  the  impression  of  the  author  is  that  a  study  of  the  specific  distribu- 
tion of  plants  is  not  likely  to  be  unfavorable  10  mutation  as  one  method  of  evolu- 
tion. He  thinks  that  "the  adherents  of  mutation  will  be  able  to  bring  forward 
enough  cases  of  social  distribution  to  render  phytogeographic  weapons  useless  in 
the  attack  upon  this  theory."— J.  M.  C. 

Cytology  of  apospory. — Nephrodium  pseudo-mas  Rich.  var.  cristaia  apospora 
Druety,  according  to  Miss  Digbv,"  shows  almost  all  grades  of  apospory  and 
apogamy  except  parthenogenesis.    Several  fronds  pegged  down  quickly  produced 
prothallia  at  the  tips  of  the  leaves,  and  these  prothallia  within  three  weeks  bear 
apogamous  embiyos.    Antheridia  are  not  unoimmon,  but  no  archegonia  could 
be  found.    The  number  of  chromosomes  in  cells  of  the  leaf,  aposporous  pro- 
thallia, and  in  the  apogamous  embrvos  b  about  ^o,  there  being  "no  reduction  of 
chromosomes.     In  N.  pseudo-ma 
some  of  which  have  been  seen  to 
var.  crislala  apospora  Druery  thei 
—Charles  J.  Chamberladj. 

'3  RosEKBEHG,  O.,  Cytologital  I 
akritt  18:143-170.  pis.  1-2.   1907. 

'*  Leavitt,  Robekt  Gheenle 
species.     Amer.  Nat.  41:207-240. 

"  DicBY,  L.,  On  the  cytology  < 
apospory.     Pmc.  Roy.  Soc.  Londor 
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Hyxomycete  Btudiet. — Degenerating  nuclei  have  been  observed  in  young 
sporangia  of  various  Myxomycetes.  Jahn''  finds  that  at  an  early  stage  in  the 
development  of  the  sporangium  nuclei  fuse  in  paiis,  and  that  the  degenerating 
nuclei  are  those  which  have  failed  to  fuse.  Preceding  sporogenesis  Jahn  claims 
to  have  found  synapsb  and  a  reduction  of  chromosomes.  In  Ceratiomyxa  the 
mature  spore  has  four  nuclei.  When  the  spore  genninates  there  is  another  mitosis, 
and  eight  uninucleate  swannspores  are  produced  from  the  ajnoeba.  Swaimspores, 
amoebae,  and  plasmodia  seem  to  have  the  reduced  number  of  chromosomes, 
the  ix  generation  being  confined  to  a  comparatively  short  period  in  the 
development  of  the  sporangium.— Charles  J.  Chamberlain. 

A  bacterial  pUnt-hunor.— Swtb  and  Townsenh"  have  demonstrated  that  a 
gall  occurring  on  the  cultivated  "marguerite"  (Ckrysanlhemum  jruUscms)  is 
caused  by  a  bacterium,  for  which  they  propose  the  name  Bacterium  tumefadens. 
The  organism  was  isolated,  and  in  some  of  the  esperiments  loo  per  cent,  of  the 
inoculations  gave  positive  results,  while  the  check  plants  remained  free  from 
tumois.  As  the  authors  say,  "the  number  of  vegetable  galls  known  positively  to 
be  due  to  bacteria  is  nol  very  great.  The  discovery  of  a  new  one  of  undoubted 
bacterial  origin,  theicfoic,  is  of  considerable  interest  to  plant  pathologists,  and 
may  be  of  some  interest  to  animal  pathologists,  especially  to  those  interested  in 
determining  the  origin  of  cancerous  growths." — J.  M.  C. 

Rat*  of  growth  in  Juiuican  forests.— Shbeve'*  has  studied  the  rate  of  leaf 
growth  in  the  rain-forest  of  the  Jamaican  mountains,  and  reaches  the  following 
conclusions:  (i)  that  the  rate  of  leaf  growth  is  very  slow  as  compared  with  that  in 
tropical  trees  in  which  it  has  already  been  measured;  (i)  that  the  renewing  foliage 
of  deciduous  trees  does  nol  grow  more  rapidly  than  that  of  evergreen  broad-leaved 
trees;  and  {,^)  that  the  prevalence  of  conditions  unfavorable  to  photosynthesis 
and  transpiration  would  seem  to  offer  at  least  a  paitial  explanation  of  the  sAovt 
rates  of  growth. — J.  M.  C. 

Potato  scab.— Morse'"  has  recently  published  a  summary  of  our  present 
knowledge  of  the  scab  of  Irish  potatoes  and  of  the  methods  in  vogue  for  its  pre- 
vention. In  addition  to  the  well-known  treatment  of  the  uncut  tubeis  with  a 
solution  of  fonnaldehyde  or  with  a  solution  of  corrosive  sublimate,  an  account 
'  is  given  of  the  newer  treatment  with  formaldehyde  gas  generated  by  the  heat 
arising  from  the  chemical  action  due  to  pouring  the  fonnaldehyde  over  some 

'<•  Jahn,  E.,  Myxomycetenatudieo.  6.  Eernveischmelzungen  und  Redukdons- 
teilungen.     Ber.  Deutscb.  Bot.  Gesells.  35:13-36.  1907. 

■1  SiflTH,  Erwin  F.,  and  Townsend,  C.  O.,  A  plant-tumor  of  bacterial  origin. 
Science  N.  S.  15:67^573.  1907. 

■"  Shbeve,  Forrest,  Studies  od  rale  of  growth  in  the  mountain  forests  of  Jamaica- 
Johns  Hopkins  Univ.  Circ.  1907:00.  3.  31-37- 

•9  Morse,  W.  J.,  The  prevention  of  potato  scab.  Bull.  Maine  Exp.  Sta.  141 :  81- 
91.  1907. 
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potassium  pennanganaie.  Thb  new  method  gives  very  good  results  and  b" 
particularly  useful  when  large  quantities  of  tubers  are  to  be  treated. — E.  Mbad 
Wilcox. 

Mitotic  figure!. — The  nature  of  the  forces  which  determine  the  achromatic 
figure  is  discussed  hy  Hastog,^°  and  speculations  as  to  processes  occurring  in  the 
living  cell  are  illustrated  by  ingenious  experiments.  Finely  pulverized  magnetite 
under  the  influence  of  magnets  was  made  to  take  the  form  of  the  familiar  mitotic 
figures.  Photographs  of  these  magnetic  figures  showbg  centrosomes,  centro- 
spheres,  polar  radiations,  mantle  fibers,  and  central  spindles  are  given.  Tripolar 
and  quadripolai  spindles  were  easily  produced. — Chables  J.  Chamberlain. 

The  lerophytic  character  of  gynuMWiwnns.— Miss  Stopes^'  has  brought 
together  the  data  in  reference  to  .lerophily  among  the  gymnosperms,  and  concludes 
"that  the  xerophytic  characters  of  the  Coniferales  in  many  cases  are  noi  adapia- 
tions  to  jKrophytic  conditions  in  their  own  times,  nor  are  they  'inherited'  from 
the  remote  past  as  vestigial  characters,  but  are  the  result  of  physiological  limita- 
tions of  the  type  of  wood  in  this  ancient  and  incompletely  evolved  group.  In  other 
words,  their  'xerophytism '  is  not  ecological,  but  phylogenetic."— J.  M.  C. 

Embryogvny  of  Gnaphaltuin.— The  occurrence  of  parthogenesb  in  Anten- 
naria  suggested  to  Schiller^'  an  examination  of  the  nearly  related  genus  Gna- 
phalium.  A  study  of  G.  supinum,  G.  silvaiicam,  and  G.  uliginosum  showed  the 
normal  formation  of  four  megaspores  in  the  nucellus,  a  normal  embryo  sac  with 
the  rather  extensive  antipodal  development  charaaeristic  of  many  Compositae, 
and  the  regular  occurrence  of  double  fertilization.  When  pollination  is  pre- 
vented no  embryos  are  formed.— Charles  J,  Chamberlain. 

Course  of  pollen  tube  in  Sibboldia. — According  to  Alba>iese,'^  the  growth 
of  the  integument  in  S,  procumbens  continues  until  the  micropyle  is  entirely  closed. 
The  pollen  tube  grows  through  the  tissues  of  the  integument  and  nucellus  and  thus 
reaches  the  embryo  sac.  Thb  course  of  the  pollen  lube  and  also  the  described 
cases  of  chalazogamy  are  regarded  not  as  primhive  conditions  but  as  variations 
from  the  porogamic  type.  Sibbaldia  often  shows  several  embryo  sacs  in  a  single 
nucellus. — Chari^s  J.  Chamberlain. 

i'  Haktog,  Marcus,  The  dual  force  of  the  dividing  cell.  Part  I.  The  achromatic 
spindle  figure  illusliated  by  magnetic  chains  of  force.  Proc.  Roy.  Soc.  London  76: 
548-675.  pis.  n-ll.  1905. 

3'  -Stopes,  M.  C.,  The  "lerophyiic"  character  of  the  gymnosperms; 
" ecological "  adaptation  ?     New  Phylol.  4:46-50.  1907. 

]>  ScBtLLEit,  Josef,  Untersuchungen  iiber  die  Embryogenie  in  der 
Gnaphalium.     Oesterr.  Bot.  Zeits.  57:137-141.  pi.  5.  1907. 

33  Alsanese.  N1C0L&,  Ein  neuer  Fall  von  Endotropismus  des  Pol]ens< 
und  abnormer  Embryosacksenlwicicelung  bei  Sibbaldia  procttmbens  L. 
Kais.  Akad.  Wiss.  Wicn  113;  1-14.  pis.  i-z.   1904. 
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ElamanUiT  ipociM  uid  hpbrida  of  CkpMlla. — Shull'*  has  published  an 
extraa  from  his  paper  at  the  recent  New  York  meeting  of  the  American  Aaaod- 
ation.  The  rabing  of  over  30,000  "pedigreed"  spedroens  demonstrated  the 
presence  of  at  least  four  elementary  species  that  breed  true  when  self -pollinated  or 
crossed  wicbin  the  limits  of  the  same  elementary  form.  The  bearing  of  these 
experimental  results  upon  questions  of  plant -breeding  under  discussion  U  com- 
pactly outlined. — J.  M.  C. 

Sporogouum  of  nototbyl««.~~LANC>>  has  made  a  study  of  the  sporogonium 
of  a  Notothylas,  presumably  N.  Breutdii,  growing  in  the  Singapore  Botanic 
Gardens.  The  embryogeny  is  in  no  way  different  from  that  of  the  other  Antho- 
cerotales  except  that  more  or  less  of  the  endothecium  is  sporogenous.  LanC 
thinks  Noiothylas  is  a  rather  artificial  genus  which  includes  a  number  of  forms 
derived  by  reduction  in  size  of  the  sporogonia  from  one  or  more  Anthoceros-like 
forms. — W.  J.  G.  Land. 

Spoianfium  of  Equisetum.— HAWKINS''  has  described  a  situation  in  the 
development  of  the  sporangium  of  Equiielum  hiemaU  which  is  hard  to  understand. 
The  superficial  sporangium  initial  divides  peridinally,  as  usual,  but  the  inner  cell 
is  said  to  be  sterile,  and  the  outer  to  give  rise  to  the  sporogenous  tissue,  which  is 
certainly  not  the  eusporangiate  habit.  With  this  interpretation,  the  sporogenous 
tissue  is  superficially  exposed  and  forms  the  so-called  wall-layers. — J.  M.  C. 

OvulM  of  JuniperuB.— KuBART*'  regards  the  oviUate  structures  in  JtmipeTUS 
as  a  single  Sower  and  not  as  an  inflorescence,  the  ovules  being  simply  transformed 
leaves,  and  the  ovuliferous  scale  an  aril.  The  ovulate  and  staminate  flowers 
show  a  perfectly  analt^us  structure.  The  paper  contains  a  short  discussion 
of  the  phylogeny  of  gymnospenns. — Charles  }.  Chauberlain. 

FoimatiTe  subttaiiMS. — Child's  thorough  criticism  of  the  hypotheses  of 
"formative  substances"  as  ap[died  to  the  phenomena  of  development,  regenera- 
tion, polarity,  etc.,  in  animals  deserves  attention  by  botanists,  since  like  getieral 
assumptions,  which  involve  special  assumptions  in  an  endless  chain,  have  some 
currency  in  plant  physiology.'* — C.  R.  B. 

"  Shull,  George  H,,  Elementary  species  and  hybrids  of  Bursa.  Science  N,  S. 
"S:S9°-S9'-  ")°1- 

]'  Lang,  W.  H.,  On  the  sporogonium  of  Notothylas.  Annals  of  Botany  3i:iai~ 
110.  !d.  21.  1907. 

i''  Hawkins,  Lon  A.,  The  development  of  ihe  sporangium  of  Eqaiitlum  kytmaU. 
Ohio  Nat.  7:111-118,  pis.  Q-io.  1907. 

I'  KuBART.  Brumo,  Die  weibliche  BlUthe  von  Jtiniperus  communis  !>.  Sitzber. 
Kais.  Akad.  Wiss.  Wien  114:1-39.  fis-  t-i.  1905. 

i*  Child,  C.  M.,  Some  considerations  regarding  so-called  foimativc  substances. 
Biol.  Bull.  11:165-181.   1906. 
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tion  at  Cold  Spring  Harbor,  has  been  appointed  profesGor  of  botany  in  tbe  State 
Nonnal  School  at  Giarleston,  HI. 

PBoressoB  CaAGifs  E.  Bessey,  Univeraty  of  Nebraska,  on  May  14 
delivered  an  address  on  "The  Place  of  Linn^  in  Science"  before  the  Botanical 
Club  of  the  University  of  Chicago. 

The  University  of  Upsala,  in  connection  with  tbe  commemoration  of 
the  bicentenary  of  Linnaeus,  conferred  boDorary  degrees  xtpoa  W.  G.  Faxlow, 
WnxiAK  CASRirrHERS,  and  Francis  Darwin. 

Erratuu. — Three  figures  were  unfortunately  misplaced  in  Mr.  H.  D. 
House's  [taper  on  "  New  or  Noteworthy  North  American  Convolvulaceae,"  in 
the  June  number.  Corrections  should  be  made  as  follows:  Far  fig.  ?,  p.  411, 
read  fig.  4;  for  fig.  j,  p.  413,  read  fig.  2;  and  for  fig.  4,  p.  413,  read  fig.  3.  The 
numbers  under  the  three  spcdcs  will  then  refer  to  the  proper  figures. 

A  PLOT  OF  GROUND,  about  four  acres  in  extent,  has  been  set  apart  by  The 
University  of  Chicago  as  a  Botanic  Garden.  It  adjoins  Washington  Park  and 
fronts  the  Midway  Plaisance,  and  is  therefore  veiy  near  to  the  botanical  labora- 
tory. It  is  to  be  strictly  a  laboratory  garden,  and  will  very  much  extend  the  facili- 
ties for  experimental  work.    This  area  will  be  doubled  as  the  plans  develop. 

The  herbarium  of  the  University  of  Chicago  has  been  deposited  in  the  Field 
Museum  of  Natural  Hbtory.  It  contains  the  collection  brought  together  by 
Professor  Coulter  during  the  period  of  his  activity  in  taxonomy.  Thb  arrange- 
ment enables  the  university  to  offer  facilities  for  research  work  in  the  classifica- 
tion of  the  higher  plants,  and  incorporates  with  the  collections  of  the  Field  Museum 
sets  and  types  that  will  soon  be  made  accessible  for  study  in  that  admirably 
managed  establishment. 

In  the  BuUetin  0}  the  Toirey  Botanical  Cltih  (i4ii6'j~i -jB.  i907)an  "Ameri- 
can Code  of  Botanical  Nomenclature"  is  published.  It  was  prepared  by  the 
Nomenclature  Commission  of  the  Botanical  Club  of  the  American  Association, 
after  a  study  of  the  rules  and  recommendations  adopted  by  the  Vienna  Congress 
of  1905.  Exception  is  taken  especially  to  the  failure  to  recognize  the  principle 
of  types,  to  the  arbitrary  selection  of  several  hundred  generic  names  to  be  exempt 
from  all  rules  of  nomenclature,  to  the  treatment  of  homonyms,  and  to  the  require- 
ment that  after  January  i,  1908,  all  descriptions  of  new  species  or  genera  must 
be  accompanied  by  a  Latin  diagnosis.  This  "American  Code"  b  in  effect  an 
announcement  that  the  botanists  signing  it  will  not  be  bound  by  the  rulings  of 
the  Vienna  Congress;  but  how  far  thb  attitude  represents  American  botanbts 
remains  to  be  seen.  The  Botanical  Gazette,  while  not  in  full  accord  with 
all  the  rulings  of  the  Vienna  Congress,  b  decidedly  b  favor  of  any  international 
agreement  that  will  bring  some  measure  of  uniformity.  While  the  "American 
Code"  contends  for  certain  principles,  some  of  which  doubtless  should  be  con- 
tended for  in  an  international  congress,  tbe  most  important  principle  to  be  estab- 
lished is  international  agreement 
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THE  ALTERNATION  OF  GENERATIONS  AND  THE 

MORPHOLOGY  OF  THE  SPORE  FORMS 

IN  THE  RUSTS 

A.  H.  Cbkietmah 

(with  plate  vn) 

DeBasy  (8)  was  the  first  to  establish  the  doctrine  of  heteroedsm 
and  explain  the  relationships  between  the  fructifications  occurring 
in  a  complete  life-cycle  of  a  rust  having  all  of  the  spore  forms.  He 
first  proved  by  inoculation  experiments  that  sporidia  from  tcleuto- 
spores  of  Fuccinia  graminis  Pers.  when  sown  on  the  barberry  produce 
there  the  spermagonia  and  aecidia,  and  further  that  these  aecidio- 
spores  taken  from  the  barberry  will  again  produce  infections  upon 
wheat. 

In  case  of  rusts  which  do  not  show  a  complete  series  of  these  spore 
forms  it  has  been  supposed  and  is  still  assumed  to  some  extent  that 
the  missing  stages  exist,  but  are  simply  unknown  in  their  correct 
relation  to  the  known  spore  forms.  But  the  methods  of  cross-infec- 
tion, first  successfully  used  by  DeBary  (8,  9),  have  led  to  the  solu- 
tion of  many  of  the  problems  so  far  worked  out  in  the  life-cycle  of  the 
rusts,  and  by  suitable  infection  experiments  it  has  been  established 
that  one  or  more  of  the  spore  stages  found  in  rusts  with  a  complete 
life-cycle  of  the  P.  graminis  type  are  regularly  lacking  in  certain  other 
rusts. 

The  question  of  the  nature  of  the  life-history  in  the  -opsis,  bracky-, 
hemi-,  Upio-,  and  micro-  forms,  with  their  abbreviated  cycles,  has 
become  of  special  importance  since  the  discovery  of  sexuality  and 
alternation  of  generations  in  the  rusts.    When  comparing  the  com- 
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plete  life-cycle  of  a  form  like  Pkragmidium  violaceum  with  that  of 
Pkragmidium  poientillae  canadensis,  in  which  the  aecidium  is  lacking, 
the  question  at  once  arises  whether  forms  with  a  less  number  of  spore 
types  are  to  be  considered  as  primitive  and  incomplete  and  in  the 
process  of  developing  into  the  conditions  in  Eupuccinia,  or  whether 
they  are  reduced  and  degenerate  types.  This  question  can  be  settled 
only  on  the  basis  of  a  complete  morphological  analysis  of  all  the 
spore  forms  in  question,  and  the  following  studies  were  undertaken 
as  a  contribution  toward  this  end. 

The  most  varied  morphological  interpretations  have  been  given 
for  each  of  the  spore  forms  of  the  rusts,  and  it  is  worth  while  to  sum- 
marize briefly  the  literature  from  this  standpoint. 

DeBasy's  (io)  interpretation  of  the  relations  of  the  spore  forms, 
given  more  than  twenty  years,  ago,  has  been  recognized  by  many 
even  to  the  present  day  as  authoritative.  He  says;  "The  develop- 
ment of  the  aecidium- forming  Uredineae  agrees  so  nearly  with  that 
of  the  typical  ascomycetes  that  certain  stages  in  each  group  may 
be  regarded  as  homologous  with  one  another,  though  it  must  be 
allowed  that  the  proof  of  the  homologies  is  not  quite  perfect."  The 
description  of  the  formation  of  the  aecidium  cup  is  given  somewhat 
as  follows:  The  earliest  stages  consist  of  a  tangled  weft  of  hyphae. 
These  enlarge,  forming  a  dense  mass  which  has  the  appearance  of 
pseudo-parenchyma.  This  mass  corresponds  very  well  to  the  peri- 
thecium  of  certain  ascomycetes.  The  hymenial  cells  appear  at  the 
base  of  this  mass.  From  these  club-shaped  "basidia"  the  spores  are 
abstricted  to  form  rows.  In  his  theoretical  discussion  DeBasy  sug- 
gests the  possibility  of  the  hymenial  layer  having  its  origin  in  some 
large  central  female  organ  at  the  base  of  the  aecidium.  He  was 
unable,  however,  to  harmonize  this  view  with  what  was  known  of  the 
caeoma  type  of  the  aecidium. 

In  1888,  Massee  (18)  figured  and  described  a  peculiar  organ 
occurring  in  the  aecidium  of  Uromyces  poae  Rab.  He  made  sections 
of  the  infected  leaves  of  Ranuncultis  ficaria,  and  these  sections  were 
kept  alive  and  studied  as  the  processes  went  on.  Massee  found  a 
large  club-shaped  branch  at  the  base  of  the  future  pustule.  A  smaller 
antheridial  cell  was  formed  near  by  and  fused  with  this  oogonium, 
but  the  union  was  not  clearly  made  out.     The  antheridium  became 
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empty  and  dwindled,  while  the  oogonium  became  large  and  dense 
and  nodules  budded  out  upon  its  surface.  These  nodules  elongated 
and  formed  the  "basidia"  from  which  the  rows  of  aecidiospores  arc 
abstricted.  Those  nodules  formed  near  the  base  of  the  oogonium 
produced  the  peridium.  Before  the  fusion  he  finds  in  the  oogonium, 
on  staining  with  methyl  green,  a  well-defined  nucleus- ,  After  the 
union  with  the  antheridium,  Massee  observed  several  small  nuclei 
in  this  otgan.  As  to  the  nuclei  of  the  nodules  he  gives  us  no  data. 
This  account  of  the  origin  of  the  aecidium  would  lead  naturally  to 
the  conclusion  that  the  aecidium  cup  is  a  unit  structure  arising  fmm 
a  single  fertilization.  In  that  respect  it  woidd  be  perfectly  comparable 
to  the  ascocarp. 

Rosen  (23)  in  1892  gave  quite  a  different  account  of  the  forma- 
tion of  the  aecidium  in  the  case  of  Uromyces  fisi  Pers.  In  this  form 
the  end  cells  of  the  hyphae  which  bear  the  spores  become  much 
enlarged  and  at  first  contain  one  nucleus.  This  divides  and  the  two 
so  formed  lie  in  the  vertical  axis  of  the  cell.  The  one  nearer  the  apex 
of  this  "basidium"  divides  to  form  two,  and  the  portion  of  the  cell 
containing  them  is  separated  off  by  the  formation  of  a  wall.  This 
leaves  the  "basidium"  containing  one  nucleus  and  the  process  may 
be  repeated.  Rosen  gives  no  account  of  a  central  organ  from  which 
the  hyphae  bearing  the  "basidia"  arise.  In  the  absence  of  such  an 
organ  the  argument  that  the  cup  is  the  unit  structure  loses  force. 
This  would  be  even  more  markedly  true  if  the  same  account  of  spore 
formation  were  found  true  for  the  aecidia  of  the  caeoma  type. 

A  year  later  Dangeard  and  SAPPra-TRonFFY  (7)  published  an 
account  of  work  done  on  the  aecidia  and  also  the  teleutospores  of 
various  rusts.  They  interpret  the  fusion  of  the  nuclei  occurring 
in  the  teleutospore  as  being  a  fertilization  and  give  to  the  process 
the  name  psmdojicondation.  They  regard  the  mature  teleuto- 
spore as  a  fertilized  egg  and  attach  little  significance  to  the  origin 
of  the  binucleated  condition.  Sappin-Trouffy  also  made  some 
observations  upon  the  spore-formation  in  other  stages  of  the  rusts. 
In  the  teleuto  pustules  of  Gymnosporangium  sabinae  he  found  that 
one  of  the  two  nuclei  of  the  "hymenial  cell"  enters  the  bud.  A 
wall  separates  the  bud  from  the  basal  cell,  after  which  the  single 
nucleus  divides.    These  two  nuclei  now  lie  side  by  side  in  the  bud 
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and  a  simultaneous  division  occurs.  A  cell  wall  is  then  fonned  which 
separates  the  top  or  spore  cell  from  the  pedicel.  Sappdj-Trouffv 
(25)  later  describes  a  similar  budding  in  the  uredospore  pustule  of 
Uromyces  betae  Pers.  The  process  is  the  same  except  that  a  conjugate 
division  of  the  two  nuclei  in  the  basal  cell  provides  two  nuclei  for  the 
young  bud,  instead  of  the  basal  cell  sending  one  of  its  two  nuclei  into 
the  bud.  In  my  opinion  it  is  altogether  likely  that  the  nuclear  behavior 
in  Gymnosporangium  sabinae  is  the  same  as  that  described  for  Uromy- 
ces betae.  In  connection  with  his  account  of  Uromyces  betae,  Sappin- 
Trouffy  points  out  the  morphological  likeness  between  the  inter- 
calary cell  of  the  aecidium  and  the  stalk  cells  of  the  uredospores. 
Sappin-Trodffy  (25)  also  shows  that  the  cell  at  the  base  of  the 
row  of  aeddiospores  remains  binucleated  during  spore-formation. 
The  nuclear  phenomena  found  in  Uromyces  erythronii  DC. 
are  different  from  those  described  by  Rosen.  The  two  nuclei 
which  normally  lie  irregularly  placed  in  the  end  cell  of  the  "spor- 
iferous  filament"  come  to  lie  side  by  side  just  before  division. 
Simultaneous  division  of  the  two  nuclei  provides  two  nuclei  for  the 
cell  which  is  to  be  separated  off  and  leaves  two  to  remain  in  the  end 
cell  of  the  hypha.  SAPPiN-TROUFrv  finds  that  in  a  great  many  rusts 
the  binucleated  phase  has  its  beginning  in  these  end  cells.  In  his 
account  there  is  no  mention  made  of  a  large  central  organ  such  as  was 
described  by  Massee.  His  observations,  like  Rosen's,  would  indi- 
cate that  the  rows  of  spores  are  perfectly  independent  structures. 

PontAtn,!  and  Racibokski  (31)  gave  a  similar  account  of  the 
behavior  of  the  cells  at  the  base  of  the  aecidium.  They  believe  that 
a  single  spindle  is  formed  in  the  process  of  conjugate  division,  and 
with  the  work  of  Sappik-Trouffy  mentioned  above  have  established 
quite  satisfactorily  that  the  two  nuclei  of  the  cells  of  the  uredo  and 
teleuto  stages  have  each  a  distinct  line  of  ancestors  dating  back  to 
the  basal  cell  of  the  aecidium  at  least. 

In  1896  Richards  (22),  working  on  Uromyces  caladii  Farl.,  foimd 
a  large  hypha,  which  he  called  the  fertile  h\'pha,  at  the  base  of  the 
young  aecidium.  This  hypha  gives  rise  to  several  short  branches,  on 
the  ends  of  which  are  borne  the  rows  of  spores.  The  "basidium," 
as  he  calls  the  end  cell  of  one  of  these  short  branches,  contains  two 
or  more  nuclei;   one  migrates  to  the  apex  and  there  divides.    The 
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portion  of  the  "basidium"  which  contains  the  two  nuclei  is  separated 
off  by  a  wall.  Richards'  observations  on  nuclear  behavior  are  of 
rather  uncertain  value,  since  he  believed  that  all  parts  of  the  aeddium, 
including  the  vegetative  mycelium,  contained  binudcated  cells.  He 
describes  the  same  general  method  of  aecidium-formation  for  the 
aeddia  on  Houskmia  caenUea  and  Ranunculus  sepientrionaiis.  The 
process  here  described  shows  a  marked  resemblance  to  that  foimd 
by  Massee.  There  is  a  large  hypba,  which  may  be  the  outgrowth 
from  a  sexual  cell  or  may  have  so  originated  in  the  ancestors  of  the 
rust. 

Maike  (16),  in  1900,  found  in  EndophyUum  sempervivi  Alb.  & 
Schw.  that  the  vegetative  hyphae  consist  of  uninudeated  cells  to  their 
very  ends  in  the  base  of  the  aeddium.  These  end  cells,  however, 
enlarge  and  become  binucleated  by  a  nudear  division  unaccompanied 
by  a  cell  division.  Upon  this  binudeated  end  cell  the  spores  are 
borne.  Maike  holds  this  process  to  be  quite  universal  in  the  aecid- 
ium.  In  another  paper  (17)  published  about  the  same  time,  Madce 
compares  the  life-history  in  the  Uredmeae  with  that  of  the  mosses 
and  ferns  and  of  cydops.  He  sees  in  the  beginning  of  this  binu- 
deated phase  in  the  life-cyde  the  change  from  gametophyte  to  sporo- 
phyte,  and  in  the  fusion  of  the  nudei  in  the  teleutospoie  a  "mixie," 
while  in  the  germination  of  the  tdeutospore  and  in  the  promycelium 
there  occur  the  reduction  divisions.  The  doctrine  of  alternation  of 
generations  in  the  devdopment  of  the  rusts,  while  opposed  in  essential 
points  to  the  views  of  Dangeakd  and  SAPPiN-TsouTFy,  has  found 
confirmation  in  the  later  wwk  of  Blackuan  and  myself. 

Blackman  (2)  in  1904  was  perhaps  the  first  to  show  that  two  cells 
are  concerned  in  the  production  of  the  binudeated  cell  at  the  base  of 
the  row  of  aeddiospores.  In  Pkragmidium  vu^aceum  Wint.  he  found 
a  series  of  large  iminudeated  cells  standing  vertically  beneath  the  epi- 
dermis of  the  host.  Each  cell  cuts  off  a  sterile  apical  cell  and  then 
becomes  binudeated  by  the  entrance  of  a  nudeus  from  one  of  the 
nei^boring  vegetative  cells.  This  nudear  migration  is  accomplished 
by  the  smaller  nudeus  from  the  vegetative  cell  penetrating  the  wall 
by  drawing  itself  through  a  small  perforation.  Blackman  terms  this 
cell  containing  the  two  nudei  the  fertile  cell,  and  from  it  the  row  of 
spores  and  intercalary  cells  is  produced.    Blackuan  agrees  with 
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Maise  in  Us  general  conclusions  regarding  the  chromatin  fusion  and 
reduction  in  the  maturing  and  germination  of  the  teleutospore.  He 
further  believ','s  that  the  entrance  of  the  vegetative  nucleus  is  to  be 
interpreted  as  a  fertilization,  though  describing  it  as  a  "reduced  fer- 
tilization" which  has  replaced  a  former  fertilization  by  a  true  male 
cell — the  spermatiiun. 

Shortly  after  the  appearance  of  Blackuan's  paper,  I  described 
(5)  a  true  fertilization  in  a  somewhat  similar  form — Phragmidium 
sp«ciosum  Fr.  The  method  of  union  of  the  two  cells  was  found  to  be 
decidedly  different.  The  cells  combining  are  of  approximately  equal 
size,  as  are  also  their  nuclei.  Two  such  cells  come  together  at  some 
point  on  their  adjacent  walls.  A  considerable  portion  of  the  walls 
in  contact  dissolves  away  and  the  two  protoplasts  fuse.  This  largfe 
structure  now  elongates  and  from  its  apex  a  row  of  spores  is  abstricted 
(Jig.  i8).  The  same  general  behavior  of  the  cells  was  found  to  occur 
in  the  aecidium  of  Uromyces  caladii.  Here,  however,  the  cell  pro- 
duced by  the  fusion  of  the  gametes  elongates  to  a  greater  extent  than 
in  Phragmidium  speciosum,  and  the  two  nuclei  wander  out  into  the 
elongated  portion  and  remain  there  during  spore-formation.  The 
two  bases  of  the  gametes  are  often  nearly  obliterated.  On  the  basis 
of  these  facts  it  was  suggested  that  the  rusts  were  after  all  more  closely 
related  to  the  lower  fungi  than  to  the  red  algae  and  ascomycetes. 
Certainly  the  union  of  the  two  cells  is  very  like  the  zygospore  forma- 
tion  a>mmoQ  in  the  lower  forms. 

Blackiian  and  Fkasek  (3)  in  1906  a>nfirmed  Blacehan's  pre- 
vious observations  on  nuclear  migration,  this  time  working  on  the 
aecidium  of  Uromyces  poae  Rab.  As  described  for  Phrag.  vidaceum, 
they  found  that  the  nucleus  migrates  through  the  cell  wall.  Similar 
migrations  were  found  in  the  aecidium  of  Puccinia  poarutn  Niels. 

In  the  aecidium  oi  Melampsora  Rostrupi  Wagn.,  distinct  evidences 
were  obtained  of  the  fusion  of  two  targe  equal  cells.  In  Puccinia 
malvacearum  Mont.,  Puccinia  adoxae  DC,  Uromyces  sciUarum  Wint., 
and  Uromyces  ficariae  L^.,  Blackuak  was  unable  to  locate  the  origin 
of  the  binucleated  phase.  He  su^ests  that  a  nuclear  migration 
occurs  in  the  hyphae  some  time  between  the  infection  with  sporidia 
and  aecidiospore-formation. 

Still  later  {1907)  I  have  described  (6)  a  fusion  of  cells  similar  to 
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that  previously  described  for  Phrag.  speciosum  and  Uromyces  caladii, 
but  occurring -in  the  formation  of  the  primary  uredospores  of  Phrag. 
polettiiUae  canadensis  Fr.  The  additions  here  resemble  those  in 
Uromyces  caladii  more  closely  in  that  the  nuclei  leave  the  bases  of  the 
original  gametes  and  come  to  lie  in  a  very  much  elongated  outgrowth 
of  the  fusion  cell  {^ig.  19).  The  first  cell  is  separated  off  from  this 
basal  cell  much  as  it  is  in  the  typical  aecidium.  This  cell  divides 
into  a  spore  and  into  the  smaller  sterile  cell,  in  the  aecidium  known 
as  the  intercalary  cell.  Here  this  sterile  cell  elongates  to  form  a  stalk 
upon  which  the  spore  is  borne.  A  second  spore  and  stalk  are  formed 
beside  the  first  by  the  pushing-out  of  a  bud  which  is  separated  from 
the  basal  cell  by  a  wall.  This  cell  is  formed  into  a  spore  and  stalk  cell 
in  the  same  manner  as  was  the  first.  These  observations  confirm 
most  positively  Winter's  (27)  suspicion  that  the  primary  uredo 
represents  the  aecidium  of  the  Brachypucctnia  forms  and  suggest 
further  the  morphological  likeness  between  the  stalked  spores  and 
those  which  are  borne  in  rows  and  are  separated  by  intercalary  cells. 

The  earlier  writers  were  plainly  of  the  opinion  that  the  aecidium 
cup  had  its  origin  in  a  single  sexual  organ,  in  which  case  apparent 
homologies  between  the  aecidium  cup  and  the  ascocarp  were  con- 
ceivable. The  existence  of  a  fusion  at  the  base  of  a  cup  from  which 
the  spore-bearing  hyphae  arise  is  still  not  established.  Even  if  estab- 
lished it  would  leave  the  development  of  the  caeomas  unexplained. 
All  later  work  has  shown  the  rows  of  spores  to  be  independent  of  one 
another  in  their  development,  both  in  the  caeomas  and  in  the  cuplike 
aecidia.  There  can  be  no  question  that  there  is  an  apparent  mor- 
phological equivalence  between  a  row  of  spores  of  the  caeoma  and  a 
row  of  spores  in  the  aecidium  cup.  That  being  the  case,  it  would 
appear  that  the  latter  is  simply  a  more  compact  and  protected  condi- 
tion inclosed  within  the  peridium.  It  is  plain  that  this  peridium  is  not 
to  be  compared  with  the  perithecial  wall  of  the  ascocarp,  since  the 
latter  is  purely  gametophytic,  being  an  outgrowth  from  those  hyphae 
which  bear  the  gametes.  The  peridium  of  the  aecidium  cup  is  well 
known  to  consist  of  rows  of  abortive  spores  and  hence  is  sporophytic 
The  sterile  mass  of  cells,  which  DeBasy  compares  with  the  perithe- 
cium  and  which  appears  before  the  hymenium  is  laid  down,  is  perhaps 
comparable  to  the  sterile  cells  which  are  cut  from  the  gametes  in 
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the  caeomas  just  before  the  conjugation.  From  the  closely  buflt 
structure  of  the  aecidium  cup  it  would  not  necessarily  follow  that 
the  structure  is  developed  from  a  single  oi^n,  since  we  have  uredo- 
spore  pustules  in  the  Coleosporiums,  which,  without  having  a  perid- 
ium,  are  quite  as  compact  as  are  the  aecidium  cups  of  such  a  form 
as  Uromyces  caladii,  and  no  sexual  process  can  be  assumed  to  hare 
occurred  in  their  origin. 

As  a  foundation  for  a  correct  morphological  interpretation  of 
these  various  spore  forms,  I  have  undertaken  a  careful  study  of 
the  development  of  those  spore  types,  which  do  not  originate  in  a 
fusion  cell. 

UKEDOSPOSES 

The  secondary  uredospores  of  Phragmidium  potaUiUae  canadensis 
are  especially  interesting  because  of  their  general  resemblance  to  the 
primary  uredospores  which  arise  from  a  fusion  cell  as  I  have  described 
(6).  The  secondary  uredospores  also  arise  from  a  large  basal  cell 
which  contains  two  large  nuclei.  The  basal  cell  here  is  borne  upon 
a  mycelium  of  binudeated  ceDs  (fig.  i).  No  fusion  occurs  in  its 
formation,  but  it  is  plainly  the  equivalent,  in  its  mature  condition,  of 
the  so-called  "basidium"  of  the  aecidium  cup  which  arises  from  a 
fusion  cell.  The  two  nuclei  of  the  basal  cell  divide  by  conjugate 
division,  and  the  pair  of  daughter  nuclei  lying  in  the  distal  portion  of 
the  basal  cell  are  separated  off  by  a  cross  wall,  thus  forming  the  first 
spore-initial  cell.  A  further  conjugate  nuclear  division,  followed  by 
a  cell  divi»on,  at  once  separates  this  initial  cell  into  a  spore  and  a 
smaller  cell  below,  which  elongates  to  form  a  stalk  upon  which  the 
spore  is  borne  (fig.  2).  About  the  time  the  first  spore  is  formed,  a 
bud  appears  on  the  basal  cell  beside  the  stalk  of  the  first  uredospore 
(fig.  j).  A  second  simultaneous  division  of  the  nuclei  of  the  basal 
cell  provides  this  bud  with  two  nuclei,  leaving  two  in  the  basal  cell. 
A  wall  now  separates  ofif  this  second  uredospore-initial  cell  (fig.  4). 
It  in  turn  divides,  forming  a  second  spore  and  stalk  in  the  manner 
described  for  the  first  (fig.  5).  In  the  same  manner  a  third  spore  is 
produced  (fig.  2i). 

On  comparing  these  figures  with  the  ones  given  in  my  descrip- 
tion of  spore-foraoatioD  in  the  primary  uredo  (6)  of  this  same  rust, 
the  striking  likeness  is  at  once  apparent.    The  only  difference  lies 
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in  the  method  of  fomtatios  of  the  basal  cells  and  in  the  binucleated 
condition  of  the  vegetative  mycelial  cells  from  which  they  arise.  The 
primary  uredosorus  arises  from  a  mycelium  of  uninucleated  cells 
0^;-  6),  while  the  seoandary  uredosorus  arises  on  a  mycelium  with 
regularly  binucleated  ceUs  {fig.  t;  compare  figs.  19  aad  si). 

Like  the  secondary  uredospores  of  Phragmidium  potenliUae  cana- 
densis, the  uredospores  of  the  Coleosporiums  are  borne  upon  a  myce- 
lium of  binucleated  cells.  On  tliis  mycelium  large  basal  cells  are 
formed  in  the  same  way  as  in  Phragmidium.  When  the  spores 
form,  however,  as  figured  and  described  by  Holden  and  Hasfek  (4), 
the  second  uredospore-initial  cell  is  cut  off  directly  beneath  the  first 
spore  and  intercalary  cell.  This  is  repeated  in  the  case  of  the  follow- 
ing spores,  aod  a  row  of  uredospores  separated  by  intercalary  cells  is 
formed,  having  exactly  the  appearance  of  the  rows  in  the  true  aecid- 
iiun  {fig.  20). 

Uredospores  are  generally  unicellular,  but,  as  Roze  (24)  and  later 
Jacky  (15)  have  shown,  the  uredospores  of  Pucdnia  chrysanthemi 
are  quite  commonly  two-celled. 

TELEtnoSFOKES 

I  have  studied  in  detail  the  formation  of  the  teleutospores  of 
Pucdnia  podophyUi  S.,  and  a  similar  series  of  cell  phenomena  to 
those  described  for  the  secondary  uredospore  of  Phragmidium  polen- 
liliae  canadensis  is  to  be  observed  here.  A  series  of  large  binucleated 
cells  is  formed  beneath  the  epidermis  of  the  host.  These  cells  are 
the  ends  of  hyphae  which  are  made  up  entirely  of  binucleated  cells 
and  are  in  position  and  general  appearance  exactly  like  the  basal 
cells  of  the  uredosori,  and  like  those  cells  bear  the  spores.  Conju- 
gate nuclear  division  followed  by  cell  division  now  separates  off  a 
large  distal  cell  or  teleutospore-initial  cell  {fig.  7).  As  in  the  case  of 
the  uredospore,  this  cell  now  divides  to  form  the  spore  and  the  stalk 
{fig.  8).  In  the  genus  Uromyces  the  teleutospore  remains  unicellular. 
Here,  however,  like  the  uredospore  of  Pucdnia  ckrysantkemi,  this 
one  cell  divides  to  form  the  characteristic  two-celled  spore  of  the 
genus  Pucdnia.  As  is  well  known  in  Triphragmium  and  Phrag- 
midium, three  and  four-celled  spores  are  produced  ftom  a  single 
initial  spore-cell.    It  is  plain  that  this  multiplication  of  cells  in  the 
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teleutospore  increases  the  number  of  sporidia  produced  and  so 
increases  the  chances  of  infecting  the  aecidium  host  the  following 
spring.  The  developmental  stages  in  this  case  were  worked  out  in 
greater  detail  in  connection  with  the  fonnation  of  the  second  spore 
pnxiuced  from  the  basal  cell.  About  the  time  the  cell  division  for 
the  fonnation  of  the  first  spore  is  complete,  a  hyphal  bud  is  pushed 
up  beside  the  stalk  of  the  first  spore.  A  nuclear  division  occurs  in 
the  region  of  the  neck  of  this  bud  (fig.  p).  The  spindles  are  here  so 
placed  that  there  can  be  no  question  but  that  a  daughter  nucleus 
from  each  of  the  nuclei  of  the  basal  cell  will  enter  the  bud,  while  the 
other  two  daughter  nuclei  will  remain  in  the  basal  cell.  The  bud 
is  separated  from  the  basal  cell  by  a  wall,  thus  forming  the  second 
teleutospore-initial  cell.  A  simultaneous  nuclear  division  follows 
within  this  cell  (fig.  lo),  and  a  cell  wall  cuts  off  the  spore  cell  and  the 
stalk  cell.  That  it  is  the  upper  one  of  these  two  cells  which  produces 
the  two  cells  of  the  teleutospore  is  shown  in  fig.  ii,  where  the  cell 
wall  is  just  forming.  A  third  bud  is  formed  at  about  this  time  and  a 
third  spore  is  produced  in  the  same  manner  as  has  just  been  described 

(fe-  ")• 

While  at  work  on  the  teleuto  stage  of  Puccinta  podophylli  a  further 
interesting  phenomenon  was  observed.  The  occasional  occurrence 
of  trinucleated  cells,  together  with  Blackhan's  account  of  migra- 
tions of  nuclei  among  vegetative  cells  in  Puccinta  poarum,  suggested 
that  possibly  nuclear  migrations  occur  in  the  fungi,  as  well  as  in  the 
higher  plants,  as  purely  pathological  phenomena. 

MiEHE  (19)  has  shown  that  when  the  epidermis  is  stripped  from 
the  leaves  of  Allium  nutans  the  nuclei  of  certain  cells  become  pointed 
and  finally  a  thin  beak  penetrates  the  wall  into  a  neighboring  cell. 
The  portion  of  the  nucleus  which  has  passed  the  wall  enlarges  to 
form  a  highly  refractive,  densely  staining  vesicle.  This  vesicle 
increases  in  size  as  the  nuclear  material  finally  passes  over  into  the 
foreign  cell.  Miehe  has  found  cells  containing  as  many  as  five 
nuclei  as  a  result  of  such  migration.  The  explanation  given  is  that 
the  condition  is  a  pathological  one  in  which  the  nuclei  migrate  as  a 
reaction  to  the  wound  inflicted  in  removing  the  epidermis, 

SchOrhoff  (a6)  found  essentially  the  same  phenomena  occurring 
in  Iris  germanica.  He  also  mentions  the  formation  of  the  vesicle 
which  has  a  marked  affinity  for  the  red  of  the  triple  stain. 
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A  careful  study  of  the  teleutosori  of  Puccinia  podopkyUi  revealed 
that  nuclear  migrations  arc  quite  common  here.  This  was  particu- 
larly true  at  the  base  of  the  spores  and  in  the  margins  of  the  soil. 
The  nucleus  forms  a  beak  which  penetrates  into  a  neighboring  cell 
ifis-  ^3)'  This  projection  elongates,  forming  a  sort  of  thread  as  the 
material  of  the  nucleus  passes  over  into  the  foreign  cell  (fig.  14). 
At  this  stage  the  elongated  portion  of  the  nucleus  loses  its  normal 
structure  and  becomes  densely  stained  with  the  red  of  the  triple  stain. 
This  dense  staining  is  figured  by  Miehe  and  Schuehoff,  and  appears 
in  figures  by  Blackman.  The  portion  of  the  nucleus  which  has 
passed  the  wall  now  begins*  to  enlarge  {figs.  15,  16).  In  the  latter 
figure  there  is  evidence  that  the  nucleus  migrates  from  one  cell  of  a 
bypha  to  the  next,  while  in  the  other  cases  the  nuclei  appear  to  be 
migrating  from  one  hypha  to  another. 

Sections  which  show  all  the  nuclei  of  the  cells  concemed  in  the 
migration  are  hard  to  obtain.  By  studying  the  series  of  sections  to 
which  fig.  14  belongs,  it  was  found  that  cell  a  contained  two  nuclei, 
while  cell  b  contained  but  one.  From  this  it  seems  plain  that  in 
this  case  there  is  a  migration  between  normal  vegetative  cells  of  the 
spoFophyte  where  no  fertilization  can  be  assumed.  This  would 
result  in  the  production  of  a  cell  with  three  nuclei.  Indeed  this  con- 
dition is  quite  common  (jig.  ij). 

The  only  interpretation  possible  here  seems  to  be  the  one  given  by 
MiEHE,  that  this  condition  is  entirely  pathological  and  possibly  due 
to  the  wound  produced  at  the  time  of  fixation.  The  fact  that  three-, 
and  four-nucleated  spores  arc  often  found  has  been  pointed  out  by 
Sappin-Tkoitffy  and  Blackhan.  If  such  spores  result  from  patho- 
logical nuclear  migration,  this  would  indicate  that  the  pathological 
condition  which  produced  the  migration  must  have  occurred  a  con- 
siderable time  before  fixation,  which  is  hardly  an  adequate  hypothesis. 
The  wounding  in  preparation  for  the  killit^  solution  perhaps  explains 
well  enough  figures  in  which  the  nuclei  are  in  process  of  migration. 
The  fact  that  the  migrations  were  observed  in  many  cases  in  a  sort  of 
rudimentary  paraphysis  bounding  the  pustules  is  .perhaps  significant. 
It  undoubtedly  helps  to  explain  certain  conditions  in  the  cuplike 
aecidia  where  isolated  binudeated  cells  are  often  found  in  the  older 
pustules  quite  out  of  range  of  the  bases  of  the  rows  of  spore' 
the  fertilization  processes  occur. 
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HOSPHOLOGICAL  DISCUSSION 

It  cannot  be  decided,  perhaps,  on  the  data  at  present  available 
whether  the  fusion  at  the  end  of  the  uninucleated  generation  is  of 
a  primary  or  secondary  nature  and  origin.  There  can  be  no  question, 
however,  that  it  is  physiologically  the  fertilization  stage  in  the  develop- 
ment of  the  nist,  and  that  it  is  the  beginning  of  a  sporophyte  generation 
which  ends  with  the  reduction  divisions  in  the  germinating  teleuto- 
spore,  as  described  by  Maike  (i6,  17)  and  later  by  Blackiun  (3). 
Hasper  (13)  has  also  argued,  on  the  data  given  by  Blackiun  and 
myself,  that  an  essentially  similar  alternation  of  generations  is  found 
in  the  rusts  to  that  in  the  ascomycetes  and  red  algae.  The  existence 
of  well-defined  gametophyte  and  sporophyte  stages  in  these  forms 
can  no  longer  be  questioned. 

If  we  take  up  the  cases  of  the  aecidio-,  uredo-,  and  teleuto- 
spores  in  the  light  of  the  facts  above  described,  it  is  plain  that  we  have 
in  the  successive  production  of  these  forms  a  series  of  asexual  repro- 
ductive cycles  within  the  sporophyte  generation.  In  thus  showing  a 
series  of  subgenerations,  each  endii^  with  a  particular  spore  form, 
which  taken  together  compose  the  sporophyte,  the  rusts  are  imlike 
any  other  group  of  plants  in  which  true  alternation  of  generations  is 
known. 

The  essential  characteristics  of  these  subgenerations  is  that  in  each 
case  they  begin  and  close  with  the  peculiar  structure  first  described 
and  long  known  as  "basidium,"  or,  a^  Blj^ckuan  has  pointed  out, 
better  called  the  basal  cell.  This  is  the  morphological  unit,  whose 
correct  interpretation  gives  the  key  to  the  explanation  of  the  puzzlii^ 
and  hitherto  unexplained  reduplication  of  forms  which  is  at  once 
the  most  conspicuous  and  least  understood  feature  of  the  entire  group. 

With  the  establishment  of  the  identity  of  the  basal  cdls  of  the 
uiedosori  and  teleutosori  with  one  another  and  with  the  basidium  of 
the  aecidium,  and  the  interpretation  of  this  cell  in  the  aecidium  as  the 
primitive  spore-produdng  cell  of  the  sporophyte  generation  of  the 
rusts,  the  morphology  of  such  diverse  and  puzzling  structures  as 
aecidio-,  uredo-,  and  teleutospores  and  stalk  and  intercalary  cells 
becomes  at  once  clear. 

Considered  from  this  point  of  view,  we  find  the  gametophyte 
generation  consisting  of  a  mycelium  of  uninucleated  cells,  b^inning 
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with  the  sporidia  and  ending  with  the  fusion  of  two  gametes,  and 
hearing  asexually  one  kind  of  spores,  the  so-called  spermatia.  The 
question  as  to  how  the  so-called  secondary  aecidia  arise  must  be 
regarded  as  still  unsettled.  Dietel  (ii)  has  shown  that  infections 
from  aecidia  in  the  case  of  Uromyces  scrophtUariae  DC.  may  repro- 
duce crops  of  aecidiospores.  In  this  case  one  or  more  of  three  things 
may  have  taken  place:  the  infecting  aecidiospore  may  have  germi- 
nated by  the  formation  of  a  sort  of  promycelium  and  sporidium,  thus 
returning  to  the  uninucleated  condition,  as  is  the  case  in  Eodophyllum; 
or  these  secondary  aecidia  may  be  borne  upon  a  mycelium  of  binu- 
cleated  cells,  in  which  case  they  are  not  aecidia  at  all,  but  rather 
uredospores  borne  in  rows  such  as  occur  in  Coleosporium;  or  sper- 
matia capable  of  producing  infection  may  accompany  some  of  these 
forms  having  the  secondary  aecidia. 

Against  this  last  view  we  have  the  present  belief  that  the  s[>ermatia 
are  functionless,  a  belief  which  in  view  of  the  great  number  of  forms 
to  be  studied  is  certainly  open  to  some  question,  especially  since 
Brefeld  (4)  and  Plowbicht  (30)  claim  to  have  seen  distinct  evi- 
dences of  normal  germination  in  the  spermatia  of  Puccinia  graminis, 
Uromyces  pisi,  Puccinia  tragopogonis,  Puccinia  coronala,  and  others. 
This  is  a  behavior  quite  unlike  what  might  be  expected  of  true  sper* 
matia.  In  my  opinion,  the  likeness  of  the  rusts  to  the  red  algae  is  very 
questionable,  and  the  arguments  that  the  spermatia  are  the  former 
male  cells  are  none  too  convindng.  I  incline  rather  to  the  view  that 
spermatia  represent  the  once  functional  asexual  spores  of  the  game- 
tophyte.  This  view  finds  support  in  the  fact  that  they  are  in  general 
appearance  very  like  the  functional  asexual  spores  (pycnidia)  of  the 
gametophyte  of  certain  ascomycetes;  also  in  structure  and  general 
appearance  they  are  very  like  the  other  gametophytic  spores  of  the 
rusts,  the  sporidia,  which  are  still  functional;  further,  unless  we 
interpret  the  spermatia  as  the  asexually  produced  gametophytic 
spores,  the  gametophyte  generation  is  left  entirely  without  means  of 
reproducii^  itself  without  passing  through  the  stages  of  the  sporo- 
phytic  generation.  As  yet,  however,  it  must  be  admitted  that  definite 
evidence  as  to  the  nature  of  the  spermatia  is  very  incomplete. 

The  binucleated  sporophytic  generation  which,  as  Maike  (17) 
has  pointed  out,  is  comparable  to  the  generation  with  the  double 
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number  of  chromosomes  in  the  higher  plaats,  has  its  beginnii^  in  the 
cell  produced  by  the  fusion  of  two  gametes — the  fusion  cell.  This 
cell  produces  a  more  or  less  elongated  outgrowth  which  has  been  long 
known  as  the  "basidium,"  and  has  been  often  figured  and  fully 
described.  For  obvious  reasons,  that  Blacehan  has  pointed  out,  the 
term  basal  cell  is  to  be  preferred  to  the  old  term  basidium.  This  cell 
now  produces  spores,  beii^  a  generative  cell.  The  spores  may  be 
borne  in  chains,  as  has  been  so  often  described  for  the  true  aecidia,  or 
they  may  be  produced  by  a  process  of  buddii^  and  so  be  borne  on 
stalks,  as  I  found  to  be  the  case  in  the  primary  uredosori  {figs.  i8,  ig). 

The  spores  produced  by  this  first  basal  cell  may  infect  the  same 
host  upon  which  the  gametophyte  is  parasitic,  or  they  may  infect 
some  other  host  and  produce  there  a  sporophyte  mycelium.  After  a 
period  of  development  this  mycelium  fruits.  When  spores  are  to  be 
produced,  large  binucleated  cells — the  basal  cells — in  all  essentials 
like  the  cells  upon  which  the  aecidiospores  and  primary  uredospores 
are  borne,  again  appear,  this  time  upon  the  ends  of  the  binucleated 
hyphae  which  mass  together  beneath  the  epidermis  to  form  the  uredo- 
sorus.  By  a  process  of  cell  division  above  described  the  uredospores 
are  formed.  These  uredospores  may  be  borne  in  rows  and  sepa- 
rated by  intercalary  cells,  as  in  the  case  of  Coleosporium,  or  they  may 
be  borne  upon  stalks,  as  described  above  for  Pkragmidium  poten- 
tillae  canadensis.  The  uredospores  may  reinfect  the  same  host  or  hosts 
and  repeat  this  generation  an  almost  indefinite  number  of  times,  as 
is  commonly  supposed  to  be  the  case  in  Puccinia  rubigo^era. 

Usually,  after  a  few  generations  of  uredospores  have  been  pro- 
duced, the  binucleated  mycelium  bears  the  teleutospores  which  arc  to 
end  the  sporophytic  phase  in  the  life-cycle.  When  teleutospores  are 
about  to  form,  end  cells  of  the  hyphae  again  return  to  the  condition  of 
the  large  basal  cell,  and  the  teleutospores  are  budded  off  exactly  as  are 
the  primary  and  serondary  uredospores.  At  present  we  know  of 
only  one  form  in  which  the  teleutospores  are  borne  in  chains  and 
separated  by  intercalary  cells.  Another  approach  to  this  condition 
is  perhaps  found  in  the  sessile  teleutospore  of  Melampsora  and 
Coleosporium.  The  teleutospores  of  the  different  genera  are  only 
secondarily  characterized  by  being  made  up  of  one  to  several  cells. 

The  bearing  of  these  facts  upon  the  problems  of  classification 
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presented  by  the  rusts  is  of  primary  importance. .  Assuming  the  exist- 
ence of  alternation  of  generations,  there  can  be  no  doubt  that  the 
gametophyte  is  to  be  regarded  as  the  primitive,  original  generation. 
The  autoecious  rusts  are  probably  to  be  regarded  also  as  more  primi- 
tive than  those  which  are  heteroecious.  It  is  most  suggestive  of  the 
truth  of  this  view  that  the  rusts  show  alternation  of  generations  at  the 
time  the  change  from  one  host  to  another  occurs.  Older  schemes 
of  classification  of  course  have  left  all  such  considerations  out  of 
account. 

ScHROETER  has  classified  the  rusts  on  the  ground  of  the  various 
types  of  spores  occurring  in  the  life-histories  of  the  different  forms. 
To  him  we  arc  indebted  for  the  oinvenient  separation  into  eu-, 
-opsis,  bracky-,  kemi-,  micro-,  and  lepto-  types.  Obvious  difficul- 
ties arise  with  this  classification  as  used  up  to  the  present  time. 
Assuming  all  primary  uredospores  to  be  in  reality  aecidiospores,  as 
is  the  case  in  Pkragmtdium  potentUlae  canadensis,  would  at  once 
throw  all  of  the  bracky-  and  kemi-  formsinto  the  Eupuccinia  class. 
If  we  retain  the  term  Brachypuccinia  on  the  groimd  of  the  primary 
uredospores  having  stalks,  to  be  consistent  it  would  be  necessary  to 
class  Coleosporium  with  the  -opsis  forms,  since  its  uredospores  are 
borne  in  rows  as  are  aecidiospores. 

DeBary  (10)  made  his  first  division  in  the  group  by  separating 
the  aecidium-forming  rusts  from  the  so-called  tremelloid  forms.  He 
regards  the  former  as  being  homologous  in  essential  details  with  the 
ascomycetes,  and  points  out  that  the  tremelloid  forms  may  be  regarded 
as  either  more  primitive  and  in  process  of  being  developed,  or  reduced 
forms  produced  by  the  modification  of  the  aecidium-bearing  forms. 
It  is  plain,  however,  that  with  our  present  knowledge  no  such  division 
is  to  be  considered.  As  I  have  pointed  out,  the  primary  uredo  is 
morphologically  an  aecidium.  Further,  Dr.  Olive  permits  me  to 
quote  results,  not  yet  published,  which  show  that  the  teleutospores  of 
Puccinia  fransjormans,  a  micro-  form,  are  borne  upon  basal  cells 
which  arc  the  outgrowth  of  a  fusion  cell  produced  upon  a  mycelium 
having  uninucleated  cells.  There  are  then  teleutospores  which  in 
their  origin  are  the  same  as  the  aecidiospores  and  primary  uredo- 
spores, and  this  argues  very  strongly  that  the  stage  with  uninucleated 
cells  is  to  be  regarded  as  always  present. 
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Akthuk's  (I)  new  classification  is  based  upon  the  assumption 
that  all  of  the  spore  forms — spermatia,  aecidio-,  uredo-,  and  teleuto- 
spores,  and  sporidui —  were  present  in  the  ancestors  of  our  rusts,  and 
he  leaves  untouched  the  question  of  the  origin  of  this  multiidicity  of 
spore  forms.  Reasoning  from  this  assumption,  the  forms  with  ab- 
breviated life-cycles  arise  by  a  process  of  elimination.  In  this  way 
any  portions  of  the  sporophyte  and  perhaps  the  whole  gametophyte 
might  be  successively  suppressed. 

Endophyllum  has  perhaps  arisen  in  this  way.  In  it  a  uninucleated 
mycelium  produces  binucleated  aecidiospores  which  apparently  have 
no  uredo  host.  The  spores  genninate  by  a  sort  of  promycelium 
which  bears  four  uninucleated  sporidia.  These  sporidia  again  infect 
the  aeddial  host,  producing  again  a  myceUum  of  uninucleated  cells. 

If  we  assume  on  the  other  hand  that  the  rusts  evolved  from  lower 
fungi,  and  that  the  various  subgenerations  of  the  sporophyte  are 
being  added  and  intercalated,  as  well  as  perhaps  in  some  way  old 
forms  eliminated,  quite  a  different  classification  is  suggested.  The 
gametophyte  is  universally  regarded  as  the  primitive  generation,  and 
in  its  earliest  appearance  was  relatively  simple.  In  the  pteridophytes 
the  sporophyte  increases  in  importance  untU  the  gametophyte  is 
finally  the  more  inconspicuous. 

I  incline  to  the  view  that  the  kpio-  and  micro-  forms,  in  which  the 
teleutospores  or  spermatia  and  teleutospores  only  occur  and  are  home 
on  mycelia  with  uninucleate  cells,  are  the  primitive  rusts.  We  have 
in  them  the  gametophyte  bearing  the  gametes  and  producing  the 
fusion  cell.  A  very  short  outgrowth  of  this  cell  now  bears  the  teleuto- 
spores in  which  the  sporophyte  generation  has  its  end.  The  first 
modification  of  this  life-history  would  then  appear  in  a  further  develop- 
ment of  the  sporophyte.  This  might  be  brought  about  by  the  fusion 
cell  producing  a  mycelium  directly  rather  than  the  basal  cell  normally 
produced,  or  it  is  possible  that  the  basal  cell  should  produce  temporary 
spores,  which  might  carry  this  sporophytic  mycelium  to  other  tissue,  a 
result  which  would  be  altogether  favorable  on  account  of  the  exhausted 
a>ndition  of  the  host  in  the  neighborhood  of  the  fusion  cell.  Spores 
formed  in  this  way  would  conform  to  our  definition  of  primary  uredo- 
spores,  which  it  would  thus  appear  are  to  be  considered  as  the  first 
added  spore  generation,  and  the  brachy-  form  would  thus  be  the  first 
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derived  type.  With  such  a  first  crop  of  temporary  spores  once 
formed,  it  b  easy  to  see  how  they  might  be  formed  in  successive 
crops — the  secondary  uredospores — before  the  teleutospores  are 
finally  formed  and  the  sporophytic  generation  closed. 

A  modification  of  the  stalk  cell  with  loss  of  essential  function  would 
result  in  the  formation  of  the  true  aeddium.  The  short  intercalary 
cells  of  the  aecidium  give  us  a  decided  argument  for  the  belief  that  the 
aecidiospores  are  not  the  primitive  spore  type,  since  I  am  of  the 
opinion  that  we  can  only  regard  the  intercalary  cell  as  practically 
a  functionless  cell.  The  argument  that  the  intercalary  cell  is  for 
the  purpose  of  disjoining  the  spores  is  hardly  tenable,  since  we  have 
many  fungi  in  which,  as  in  Cystopus,  chains  of  conidia  arc  formed,  the 
spores  of  which  separate  readily  without  alternating  sterile  cells. 
Looked  upon  as  a  rudimentary  stalk,  we  can  hardly  assume  that  it  is 
in  process  of  progressive  evolution,  since  from  that  point  of  view  we 
would  have  the  curious  case  of  a  functionless  structure  being  first 
developed,  to  be  modified  later  into  a  structure  of  some  service  to  the 
plant.  It  is  relatively  common,  on  the  other  hand,  to  find  that  func- 
tional structures  degenerate  on  becoming  useless,  becoming  smaller 
and  finally  disappearing.  The  degeneration  of  the  uredo  stalk  cell  is 
doubtless  correlated  with  the  development  of  the  spore  pustule,  result- 
ii^  in  the  formation  of  the  spores  in  chains  instead  of  in  a  horizontal 
series.  The  spore-initial  cells,  which  have  in  other  cases  divided  .(o 
produce  spores  and  stalk  cells,  still  divide,  forming  the  spore  and  the 
small  intercalary  cell,  the  degenerated  representative  of  the  former 
stalk  cell.  With  the  change  from  the  stalked  primary  uredospores  to 
the  chains  of  aecidiospores,  we  have  formed  the  typical  autoecious 
eu-  type  of  rust.  If  now  the  sporidia  find  a  more  favorable  host  in 
some  other  plant  than  that  bearing  the  uredospores  and  teleuto 
spores,  a  later  change  of  host  for  the  sporophyte  generation  would 
explain  heteroecism.  It  is  certainly  conceivable  that  the  chai^  of 
host  should  occur  at  the  germination  of  the  first-formed  binucleated 
spore.  Certainly  the  sporidia  and  the  gametophytic  mycelia  produced 
by  them  are  sufficiently  diEferent  from  the  sporophytic  aecidiospores 
and  uredospores  and  the  mycelia  which  they  produce  to  explain  such 
a  change  in  some  measure. 

From  either  point  of  view  it  would  appear  that  a  heteroecious 
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eu-  form  is  the  highest  in  complexity  and  a  tate  stage  in  the  develop- 
ment of  the  rusts.  The  peridium  is  undoubtedly  a  late  modification 
for  protection,  and  cuplike  aecidia  are  very  likely  less  primitive  than 
the  caeomas.  This  would  argue  that  a  rust  of  the  Puccinia  graminis 
type  is  in  structure  very  far  removed  from  the  primitive  rust,  a  view 
which  is  quite  opposed  to  the  stand  taken  by  Blackman. 

I  entirely  agree  with  Dietei.  (13)  that  the  presence  or  absence 
of  the  secondary  uredospores  in  the  life-cycle  is  of  secondary  impor- 
tance when  considering  the  history  of  the  rusts.  The  essential  stages 
are  those  of  cell  fusion  and  chromatin  fusion  and  reduction.  The 
uredospores  simply  prolong  the  sporophytic  phase  as  the  conditions 
demand,  and  it  is  likely  that  the  -opsis  fonns  may  result  &om  the 
elimination  of  the  uredo  stage  in  some  rusts;  while  in  others  they 
represent  an  earlier  less  complete  stage  in  evolution  than  the  eu-  forms. 

The  curious  condition  found  in  Endophyllum  may  well  have 
arisen  by  the  elimination,  for  some  cause,  of  the  teleuto  and  uredo 
stages.  The  cuplike  structure  and  short  intercalary  cells  all  point  to 
its  once  having  been  a  very  highly  specialized  form  from  the  stand- 
point of  evolution.  It  is  quite  conceivable  that  as  a  result  of  some  , 
change  in  condition  the  aecidiospores  should  have  developed  the 
capacity  to  reinfect  the  aecidium  host. 

The  facts  of  alternation  of  generations  in  the  rusts  are  in  harmony 
with  Dietel's  view  that  the  micro-  and  lepio-  forms  are  the  most 
primitive  types  of  rusts.  Besides  the  arguments  advanced  above, 
we  have  in  the  diverse  structures  of  the  teleutospores  of  the  different 
genera  a  further  support  for  this  view.  Assuming  the  teleutospores  to 
be  the  oldest  spore  form,  it  is  easy  to  see  how  they  might  have  become 
more  markedly  modified  than  the  newer  uredo-  and  aecJdwspores. 
The  loss  of  function  of  the  spermatia  as  gametophytic  conidia,  too, 
is  exactly  what  might  be  expected  with  the  development  of  the  sporo- 
phytic spores. 

The  writer  wishes  to  acknowledge  his  indebtedness  to  Professor 
R.  A.  Hakper  for  his  many  helpful  suggestions  and  other  assistance, 
and  also  to  Dr.  E.  W.  Olive  for  permitting  him  to  use  the  data  con- 
cerning Puccinia  transformans  in  advance  of  its  publication  by  him. 

Madison,  Wisconsin 


■jGoogle 


1907)  CHRISTIAN— MORPHOLOGY  OF  THE  RUSTS  99 

LITERATURE  CITED 
I.  AxTHUR,  J.  C,  Eine  auf  die  Stniktur  und  Entwicklungsgescfaicbte  begnmdete 

Klassi&kation  der  Uredineen.     R£sultats  icientifique  du  congrts  inter- 

DAtional  de  botanique,  Vienne,  1905.  pp.  331-348.    Jena:  G.  Fischer. 

1906. 
a.  Blackkan,  V.  H.,  On  the  fertilization,  alternation  of  generations,  and  gentral 

cytology  of  the  Uredincae.    Annals  of  Botany  tSt^y-^ji.  1904. 

3.  Blackman,  V.  H.,  and  Fbaseb,  Helen  C,  Further  studies  on  the  sexuality 

of  the  Uredineae.    Annals  of  Botany  20:35-48.  1906. 

4.  Bkepeld,  0.,  Untersucfaungen  aus  dem  Gesammtgebiete  der  Mykologie 

9:38.    MUnster:  H.  Schjiningh. 

5.  Christhan,  a.  H.,  Sexual  reproduaion  in  the  nuts.    Bot.  Gazette  39: 

367-174.  1905. 

6.  ,  The  nature  and  devebpment  of  the  primary  uredospores.    Trans. 

Wis.  Acad.  Sci.  15: — . . 

7.  Dangeasd,  p.  a.,  and  Sappin-Trouffy,  P,     Une  pseudoftondatton  chez 

les  Uredin&s.    Compt.  Rend.  Acad.  Sd.  Paris  116:367.  i893- 

8.  DeBaky,  a.,  Unteisuchungen  ilber  Uredineen.    Monatsber.  Akad.  Wiss. 

Beriin  1865:15-50.^./.  1866. 

9.  ,  Neue  Untersuchungen  Kber  Uredineen.    Idem  1866:305-116  pi.  i. 

1867. 

10.  ,  Comparative  moqihology  and  biology  of  the  Fungi,  Mycetozoa,  and 

Bacteria.     English  translation.    London:  Frowde.  1887. 

11.  DiETEL,   P.,   Ueber,  Rostpilze  mit   wiederbolter  Aecidiumbildung.    Flora 

81:394-404.  1895. 

la.  ,  Beitrftge  lur  Morphologie  und  Biologie  der  Uredineen.    Bot.  Cen- 

tralbl.  3a:s4ff.  pi.  i.  1887. 

13.  Harper,  R.  A.,  Sexual  reproduction  and  the  organization  of  the  nucleus 

in  certain  mildews.    Publ.  No.  37,  Carnegie  Institution  of  Washington, 
D.  C.  1905- 

14.  HoLDEN,  R.  J.,  and  Harper,  R.  A.,  Nuclear  divbion  and  nuclear  fusion  in 

CoUosporium  stmcki-arvensis.    Trans.  Wis.  Acad.  Sd.  14:63-77.  1903. 

15.  Jackv,  E.,  Der  Chrysanthemum  Rost.      Zeitschr.  POantenkrank.  10: 133. 

16.  Maire,  R.,  L'^volutbn  nud&ire  chez  les  Endophyllum.    Jour,  de  Botan- 

ique  14:80.  1900. 

17.  ,     L'^volution  nud&iire  chez  les  Uredindes.    Compt.  Rend.  Congi^ 

intenutbnal  de  botanique   ^  I'Expositton  universale,  Paris,  135-150. 
1900. 

Annals  of 

es.    Flora 


>v  Google 


.  lOO  BOTANICAL  GAZETTE  [adgost 

I  30.  Plowright,  C.  B.,  a  monograph  of  the  British  UrediDcae  and  VsUlagiDeac 

3o.    London:   Kegan  Paul,  Trench  &  Co.  18S9. 
31.  PontADLT,  G.,  and  Racibobsei,  M.,  Sut  les  no^ux  (fes  Uredinte.    Jour. 

de  Botonique  9:318.  1895. 
33.  Richards,  H.  M.,  On  some  points  in  the  development  of  the  aecidia.     Proc. 

Amer.  Atad.  3i:aSS~37o-  '896. 

33.  RosEif,  F.,  Studien  Uber  die  Kerne  und  die  Membranbildung  bei  Myxo- 

myceten  und  Pilzen.     Cohn's  Beitrige  6:337-166.  pis.  2,  3.  1893. 

34.  RozE,  E.,  UUreda  ckrytaiUkemi    parasite  du    Chrysanthemum    indicum. 

BuU.  See.  Mycol.  Fiance  17:76.  1901. 

35.  SAPMN-TBourar,  P.,  Rechcrdies  hbtologiques  sur  la  faniille  des  Uredinto. 

Le  Botaniste  5:59-344.  1896. 

36.  SchObBoff,  p..  Das  Verfaalten  des  Kernes  im  Wundgewebe.    Beih.  Bol. 

Centralbl.    19:359-  1906. 

37.  WmTEB,  G.,  Die  Pilze.    Rabenhorat's  Kiyptogamen -Flora  I.  1:336.  1884. 

EXPLANATION  OF  PLATE  VH 
Figs,  i-jy  were  drawn  with  the  camera  ludda,  u^g  ocular  IV  and  the 
-^  oil  immersion  objective  of  Leitz.    Figs.  iS~2i  are  semi-diagrammatic  and 
the  magnification  has  been  adjusted  to  bring  the  figures  of  the  different  rusts 
to  appronmately  the  same  dimensions  on  the  ptate. 

Pkragmidium  paltntHlae  canadensis 

Fic.  I. — A  portion  of  the  mycelium  showing  the  binudeated  condition  of 
the  cells  of  the  secondary  uredo. 

Fig,  a.^The  first  spore-initial  cell  dividing  into  spore  and  stalk  cell. 

Fig.  3. — An  early  stage  in  the  budding-off  of  the  second  spore. 

Fig.  4- — A  fully  formed  second  spore-initial  cell. 

Fig.  S- — The  divisions  formmg  the  second  spore  and  stalk  have  been  com- 
pleted; the  stalk  of  the  first  spore  is  also  shown. 

Fig.  6. — A  portion  of  the  mycelium  showing  the  uninudeated  condition  of 
the  cells  (compare  with  iig.  i). 

Pucdiaa  podophyUi 

Fig.  7. — A  stage  showing  the  basal  cell  and  the  first  tele utospore -initial  cell. 

Fig.  8. — The  spore-initial  cell  has  divided  into  a  statk  cell  and  a  larger  distal 
cell  which  b  to  divide  and  produce  the  two-celled  teleutospore  (see  fig.  rr). 

Fig.  9. — Simultaneous  nuclear  division  supplying  the  second  spore-initial 
bell  with  nuclei. 

Fig,  10, — A  second  spore-initial  cell  showmg  nuclear  division  before  division 
into  stalk  and  ^mre. 

Fig.  13. — A  stage  showing  the  division  of  the  distal  cell  into  the  two  cells 
the  spore. 
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Figs.  13-16. — V&rious  stages  of  nuclear  migntioD  m  the  mycelium  of  the 
teleutosorus. 

Fig.  17. — A  mycelial  cell  showing  three  audei. 

Seim-diagrammatic  figwes 

Fig.  18. — Pkragmidium  speciosum.  Mycelial  cells  of  the  aeddium  showing 
uninudeated  cells  bearing  a  fusion  cell  and  the  rows  of  spores  and  intercalaiy  cells. 

Fig.  19. — Pkragmidmm  polenlUlae  catmdatsii,  showing  uninucleated  mycelial 
cells  in  the  primary  uredo  similar  to  those  in  the  aeddium;  a  fusion  cell  is  formed 
in  mudi  the  same  way  as  in  the  aecidium;  the  elongated  basal  cell  represents  an 
outgrowth  after  fusion;  here  the  spores  are  budded  oS  as  a  horizontal  series 
and  are  borne  on  stalks. 

Fig.  30. — CoUosporium  solidaginis.  Uredospores  borne  in  chains  on  a 
mycelium  of  binudeated  cells. 

Fig.  ai. — Pkragmidiitm  poUntiUae  amadauis.  Secondary  uredospores 
budded  from  the  basal  cell;  the  mycelium  b  composed  of  bmudeated  cells. 

Fig.  33. — Ptiteinia  podophylli.  Teleutospores  in  various  stages  of  forma- 
tionj  the  cells  of  the  mycelium  each  contam  two  nuclei. 
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DEVELOPMENT  OF  THE  WALLS  IN  THE  PROEMBRYO 

OF  PINUS  LARICIO 

CONTRIBUTIONS  FROM  THE  HULL  BOTANICAL  LABORATORY 

XCVI 

N.  Johanna  Kildabl 

(WITH  PLATES  Vin  AND  Dt) 

HISTORICAL  SKETCH 

In  1862  HOFMEISTER  (i)  gave  the  principal  facts  in  the  develop- 
ment of  the  proembryo  of  Pinus  Strobus  and  Pittus  Abies,  although 
he  did  not  touch  upon  the  development  of  the  walls. 

Strasburger  (2)  worked  out  the  development  of  the  proembryo 
in  nwre  detail  in  1876,  and  he  was  the  first  to  recognize  the  arrange- 
ment in  tiers.  He  says  that  after  the  four  free  nuclei  have  reached  the 
basal  end  of  the  e^,  and  arranged  themselves  into  a  plane,  the  nuclei 
opposite  each  other  exert  an  influence  upon  the  surrounding  proto- 
plasm, giving  it  a  parallel-striped  appearance,  and  that  this  influence 
is  also  exerted  upon  the  protoplasm  of  the  egg  mass  above  the  nuclei ; 
a  row  of  granules  then  appears  upon  the  parallel  stripes;  at  the  meta- 
phase  of  the  first  division,  after  the  nuclei  have  reached  the  base  of 
the  spore,  the  stripes  and  row  of  granules  toward  the  egg-mass  dis- 
appear, while  those  between  the  nuclei  persist,  form  membranes,  and 
become  the  permanent  vertical  walls. 

In  1898  Blackman  (3),  in  describing  the  proembryo  of  Pinus 
silveslris,  said  that  after  the  four  nuclei  have  passed  to  the  bottom  of 
the  egg  they  become  surrounded  by  protoplasmic  fibers  which  radiate 
from  the  nuclei  into  the  cytoplasm;  they  have  no  definite  arrange- 
ment, but  are  mostly  directed  away  from  the  base  of  the  egg.  At  a 
later  stage,  when  the  four  nuclei  have  arranged  themselves  in  one 
plane,  the  fibers  also  are  confined  to  the  basal  «nd  of  the  egg  and  form 
a  mass  in  which  the  nuclei  lie,  the  mass  projecting  a  little  above  the 
nuclei;  afterthisthctwowallsarc  formed  at  right  angles  to  each  other 
and  to  the  base  of  the  egg,  so  that  each  nucleus  lies  in  one  end  of  a 
shaft  which  is  open  toward  the  main  mass  of  the  egg ;  after  the  walls 
have  been  formed  the  fibers  disappear.    He  says  that  he  could  not 
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determine  exactly  what  part  the  fibers  play  in  the  formation  of  these 
walls,  but  of  their  connection  with  them  there  can  be  no  doubt. 

The  next  work  on  Pinus  was  that  of  Chamberlain  (4),  who 
describes  the  four  nuclei  in  moving  toward  the  base  of  the  egg  as 
being  invested  by  strong  fibers  which  are  directed  tangentially. 
"Upon  reaching  the  base  of  the  oospore  the  four  nuclei  arrange 
themselves  in  a  plane  and  become  ensheathed  by  fibers  derived  from 
the  nuclear  membrane.  Two  walls  are  then  formed  at  right  angles 
to  each  other  and  to  the  base  of  the  spore,  each  nucleus  thus  being 
separated  from  the  others,  but  freely  exposed  to  the  general  cyto- 
plasm of  the  spore."  He  quotes  Blackman  (3)  as  .thinking  that 
these  fibers  have  some  intimate  connection  with  the  formation  of  the 
walls,  and  thinks  that  the  appearance  of  these  first  incomplete  walls 
is  quite  apart  from  nuclear  division. 

In  1904  Miss  Ferguson  (S)  stated  that  "after  attaining  full 
size,  the  four  nuclei  pass  to  the  base  of  the  oosphere."  "  During  their 
descent  niany  fibers  arise  in  the  cytoplasm  surrounding  the  nuclei," 
and  she  quotes  Blackman  as  suggesting  a  relation  between  these 
fibers  and  the  walls  that  arise  later,  but  says  that  she  finds  no  con- 
nection between  the  two.  In  regard  to  the  formation  of  the  first  walls 
she  says:  "During  mitosis  the  deeply  staining  substance  surround- 
ing these  nuclei  condenses  into  large,  irregular  masses  at  the  periphery 
of  the  nucleus.  When  the  eight  nuclei  are  formed  this  deeply  staining 
material  collects  about  them  and  extends  in  irregular  strands  into  the 
cytoplasm.  Each  nucleus  is  now  surrounded  by  its  own  cytoplasm, 
though  no  cell-walls  have  yet  been  laid  down."  Further,  she  says: 
"  In  the  five  species  of  pines  which  I  have  studied,  cell-walls  do  not 
arise  untU  after  eight  nuclei  have  been  formed.  The  deeply  staining 
cytoplasmic  substance  appears  to  be  repelled  from  all  sides  of  these 
nuclei  and  is  deposited  in  lines  which  indicate  the  position  of  the  future 
cell-walls;  the  cell-membranes  appear  to  arise  by  a  direct  trans- 
formation of  this  substance." 

DEVELOPMENT  OF   WALLS 
The  material  for  the  following  study  of  the  development  of  walls 
in  the  proembryo  of  Pinus  Laricio  was  collected  during  the  summers 
of  1905  and  1906.    It  was  taken  from  different  trees  and  localities. 
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Preparations  were  also  loaned  to  the  writer  by  Miss  Ltni:  Pace, 
and  preparations  and  material  by  Professor  W.  E.  Praegek. 

After  the  four  nuclei  have  passed  to  the  basal  end  of  the  egg,  each 
nucleus  is  surrounded  by  a  thick  sheath  of  fibers,  forming  a  sphere 
with  the  nucleus  in  the  center;  these  fibers,  according  to  Chamber- 
lain, are  derived  from  the  nuclear  membranes.  The  fibers  next  to  the 
nuclei  disappear  first;  where  the  sheaths  come  in  contact,  between 
the  nuclei,  they  form  a  pseudo-wall,  giving  the  appearance,  under 
low  power,  of  a  vertical  wall  {^fig.  i).  It  was  this,  no  doubt,  which 
was  seen  by  the  previous  observers,  Stkasburger,  Blackuan,  and 
Chauberlaik,  and  described  by  them  as  a  vertical  wall. 

The  cytoplasm  surrounding  the  nuclei  at  this  time  is  of  a  uniform 
granular  consistency,  with  small  vacuoles.  When  the  first  division 
of  the  four  nuclei  has  reached  the  metaphase,  every  vestige  of  these 
fibers  has  disappeared  {fig.  2).  The  spindles  are  blunt  and  broad, 
showing  a  tendency  towards  multipolarity,  though  considerable 
variation  exists  in  the  form  of  the  spindles  during  this  division.  A 
marked  change  has  taken  place  in  the  surrounding  protoplasm,  which 
has  become  charged  with  very  coarse,  deeply  staining  granules.  In 
the  early  telophase  these  coarse  granules  still  persist,  but  there  is  a 
larger  clear  space,  filled  with  fibers,  around  each  spindle  (fig.  j). 

In  late  telophase  (fig.  4)  the  cell  plate,  from  which  the  cross  wall 
is  formed,  has  been  developed.  The  nuclear  membrane  has  appeared, 
and  above  each  daughter  nucleus  is  a  deeply  staining  granular  area. 
Fibers  radiate  from  the  daughter  nuclei  in  all  directions  and  the 
coarse  granules  seem  to  be  strung  along  the  fibers  and  pushed  away 
by  them.  The  spindle  fibers  gradually  disappear  until  they  are 
visible  onlj'OQ  each  side  of  the  cell  plate,  as  is  shown  in  fig.  5.  The 
granular  area  surrounding  each  nucleus  in  fig.  4  is  now  replaced  by 
an  area  much  more  finely  granular. 

The  formation  of  the  vertical  walls  is  begim  at  this  stage.  They 
begin  at  the  cross  walls  and  extend  in  both  directions  until  they  reach 
the  base  of  the  egg  on  one  side,  and  extend  somewhat  beyond  the 
nuclei  on  the  other  (fig.  8).  These  walls  are  imdoubtedly  fonned 
upon  secondary  fibers,  which  can  be  seen  coming  together  in  fig.  4,  and 
more  distinctly  in  fig.  5,  although  no  granules  have  yet  been  formed 
to  show  the  position  of  the  cell  plate;  these  are  shown  distinctly  in 
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fig.  p.  Figs.  6  and  p  show  the  fibers  radiating  from  the  nuclei  to 
the  walls.  The  vertical  walls  in  each  tier  are  formed  by  the  fibers  from 
the  nuclei  of  their  respective  tiers,  as  is  shown  in  ^g.  8.  As  a  rule  the 
cross  wall  is  formed  somewhat  in  advance  of  the  vertical  wall  {figs. 
4~9).  Fig.  8  shows  the  cross  walls  completed,  except  at  the  edges, 
while  the  vertical  walls  are  still  in  an  early  stage  of  development; 
this  is  also  shown  in  fig.  9.  The  cross  walls  are  formed  in  the  usual 
way,  each  on  its  own  spindle,  as  is  shown  in  fig.  6.  These  walls, 
therefore,  are  formed  in  connection  with  the  first  division  of  the  four 
nuclei.  It  might  be  said  that  the  proembryo  passes  from  the  four- 
nucleate  stage  to  the  eight-celled  stage  were  it  not  for  the  fact  that  the 
four  nuclei  farthest  from  the  base  of  the  egg  are  still  freely  exposed  to 
the  egg  mass. 

The  very  coarse  granules  gradually  disappear,  as  shown  in  figs. 
4-p,  while  the  deeply  staining  areas  first  seen  in  fig.  4  increase  in 
size  until  in  figs.  8  and  p  they  entirely  surround  the  nuclei  and  extend 
irregularly  into  the  surrounding  cytoplasm. 

The  second  division  in  the  base  of  the  egg,  as  a  rule,  takes  place 
in  the  exposed  tier  {fig.  lo),  although  it  may  take  place  in  the  basal 
tier,  as  shown  in  fig.  11.  The  cross  and  vertical  walls  are  formed 
as  in  the  previous  division. 

The  next  and  last  division  occurs  in  the  basal  tier  (fig.  12),  and, 
so  far  as  has  been  reported,  it  never  takes  place  in  either  of  the  other 
two  tiers.  This  sequence  of  divisions  is  also  reported  by  Hofmeistes 
(i)  in  Finns  Slrobus  and  by  Mivake  (6)  in  Picea  excelsa.  The  last 
division  in  the  proembryo  of  Finus  Laricio  is  not  always  simultaneous 
in  the  four  nuclei,  as  has  heretofore  been  reported;  one  section 
showed  two  nuclei  in  metaphase  and  the  other  two  in  late  telophase. 

The  proembryo  has  how.  completed  its  development  and  consists 
of  three  completely  walled  tiers  of  four  cells  each,  and  the  tier  of  four 
nuclei  separated  from  each  other  by  vertical  walls  but  free  toward 
the  ^g  mass. 

SUUHABY 

I.  The  cross  walls  in  the  proembryo  of  Finus  Laricio  are  formed 
in  the  usual  way,  on  cell  plates  formed  on  the  spindles  in  the  division 
of  the  nuclei,  and  the  first  cross  walls  come  in  a  litUe  in  advance  of 
the  vertical  walls. 
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2.  The  vertical  walls  in  each  tier  are  formed  by  the  secondary 
fibers  from  the  nuclei  of  their  respective  tiers. 

3.  The  first  cross  walls  and  the  first  vertical  walls  arc  formed 
in  connection  with  the  division  of  the  first  four  free  nuclei  at  the  base 
of  the  egg. 

4.  The  second  division  in  the  basal  end  of  the  egg  may  take  place  in 
either  tier. 

5.  In  the  last  division  the  four  nuclei  do  not  always  divide  simul- 
taneously. 

The  Umivehsity  op  Cbicaco 
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EXPLANATION  OF  PLATES  VIII  AND  I\ 

PLATE  VIII 

Fig.  1.  Section  showing  fibers  between  nuclei  that  give  appearance  of  verti- 
c^wall.     X335. 

Fig.  2.  Metaphase  of  first  division,  showing  entire  disappearance  of  fibers, 
blunt  broad  spindles,  and  coarse  granular  substance.     x6io. 

Fig,  3.  Telophase  of  same  division;  fibers  radiating  in  all  directions;  cell 
plate  not  yet  visible.     X355. 

Fig.  4.  Appearance  of  celt  plate;  nudear  membranes;  dark  areas  above 
daughter  nuclei;  fibers  radiating  from  nuclei  and  coarse  granules  strung  along 
fibers;  second&ry  fibers  coming  together  in  the  center,  upon  which  is  formed  the 
vertical  wall.     X390. 

Fic.  5.  Later  stage  in  cross  walls  and  beginning  of  vertical  walls.     X  365. 

Fig.  6.  Later  stage  in  formation  of  vertical  walls;  fibers  radiating  from 
nuclei.     X390. 
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PLATE  IX 

Fig.  7.  Section  showing  the  two  walls  more  Dearly  in  tbe  same  stage,  but 
the  cross  wall  a  little  in  advance  of  the  vertical.     X  435- 

Fic.  8.  Seaion  showing  the  vertical  walls  of  each  tier  formed  by  tbe  fibers 
from  the  nuclei  of  their  respective  tiers;  the  cross  wall  nearly  complete.     X3S0. 

Fig.  9.  Saiaeufig.S;  thebroadeffectof  the  vertical  wall  caused  by  the  section 
being  cut  a  little  to  one  »de  of  the  crossing  of  the  two  vertical  walls.     X  350. 

Fig.  10.  Second  division.     X435. 

Fig.  II.  Second  diviuon.     X355. 

Fig.  la.  Third  division.     X393. 
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UNDESCRIBED  PLANTS  FROM  GUATEMALA  AND 

OTHER  CENTRAL  AMERICAN  REPUBLICS 

XK' 

John  Dokneli  Smith 

NiSBOlia  coetaricensis  Donn.  Sm. — FoUola  5  glabra  magna  obloogo- 
vel  ovato-elltptica  obtuse  curvilineo-acuminata  basi  acuta  vel  rotun- 
data.  Flores  in  pedunculo  axillari  brevissimo  fasciculati  vel  rhachi 
evoluta  racemosi.  Calyx  brevissime  setaceo-denticulatus.  Alae  cum 
carina  acute  acuminatae.  Legumen  valde  curvatum  inter  semina 
vix  constrictum,  ala  maxima  obtusa. 

Suffniticosa,  mmulis  petiolisque  minute  seiatto-muriculatis  tttenim  glabris. 
Petiolus  oommunis  7-11™  bngus,  foliolis  5-8™  kmgia  35-35"™  I"*"*  bouctodu- 
latis.  Pedunculi  nodifomies  vel  4""  longi  et  lacemi  pubescentes,  his  usque  ad 
5-8™  longis,  floribus  9""  longis.  Calyx  pubesoens  turbinato-campanulatus 
panun  obliquus  s"""  longus  inter  setas  vix  0.5™™  longas  tnincatua.  Vezillum 
extus  pubescens  j""  longum  petalis  reliquis  paulo  brevius.  Ovarium  pubescens 
pknimque  3-ovulatuin,  stylo  aogulo  fere  recto  diveigente.  Leguminis  stipes 
calyce  altera  tanto  longiar,  corpus  seminifenim  canescens  ii-aa™™  longum  4°™ 
crassum,  articulis  1-3  oblongis  transverse  subteretibus,  mesocarpio  intricato- 
fibrose,  endocarpio  araneoso,  ala  34-38'°'°  longa  9-11™™  lata  cum  articulis 

In  [danitiis  ad  Sunibres,  Prov.  Alajuela,  Costa  Rica,  alt.  300",  Jan.  1893, 
P.  BioUey  (n.  7088). — In  fundo  La  Verbena  dicto  prope  Alajuelita,  Prov.  San 
Josj,  Costa  Rica,  all.  1140'°,  Dec.  1894,  H.  PiOier  (n.  9664). 

Machaeiiom  (£  REncDiATA  Benth.)  cobanenae  Donn.  Sm. — 
Stipulis  bracteisque  aculeatum.  Foliola  13-19  elliptico-oblonga 
utrinque  rotundata  vel  nunc  apice  nunc  basi  acutiuscula  supra  pube 
conspersa  subtus  sordide  tomentulosa.  Panicula  longissima,  floribus 
pedicellatis.  Calyx  braceolis  vix  bis  longior  breviter  obtuseque  tri- 
dentatus.     Stamina  aequaliter  diadelpha. 

In  fniticetis  redinans,  caulibus  usque  ad  10™  longis  (cl.  repertor  b  Uteris). 
Petiolus  communis  9-15™*  longus,  foliolis  penninerviis  reticulato-venosis  mucron- 
ulalis,  superioribus  4-5*™  longis  i5'30™"  latis  quam  infima  ovalia  3-pIo 
longioribus,  terminali  maximo  obovato-etliptico.  Panicula  sordide  pilosa 
usque   ad  3'^   longa,   ramis  saepe    3-3-Dis  eiecto-pateatibus,    biacteis    sicut 

■  CoDtiaued  from  Bor.  Gazette  43:300.  1906. 
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stipulae  induratis  eloapto-tiiangularibus  3-4"'°  longis  recurvis  subpersis- 
tentibus,  pedicellis  3-4<°<°  longis,  bracteolis  renifonni-cordatis  3.5™™  aids 
gmm  ]atis,  floribus  i3<°°>  longis  vioUceis.  CalycU  pilosi  tubus  5™"  loagus, 
dentes  inferiores  oblongi  1.5-3°""  longi,  superiores  latissimi  vix  ulli.  Vejdllum 
extus  cano-sericeum  suborbiculatum  emargiDato-bilobum  alis  paulo  carina  multo 
longius.  Stamina  6™™  tonga  ob  vaginam  utrinque  fissam  in  phalanges  3  pen- 
tandias  coalita.  Ovarium  viUosum  rectum  longe  stipitatum  uoiovulatum,  disco 
cupulifonni,  stylo  incurvo.    Legumen  non  suppetit. 

Prope  Cobin,  Guatemala,  alt.  1350",  Aug.  1906,  vott  Tuerekkeim  (n.  II.  1401). 

Hacbaerium  ($  Acutifolia  Benth.)  campylocarpimi  Donn.  Sm. 
— Inerme.  Foliola  7-9  dissita  lanceoUta  vel  ovato-lanceolata  acuta 
vel  acuminata  supra  glabra  subtus  praeter  costam  glabrescentia. 
Racetni  axillares  breves  arete  floriferi,  floribus  subsessilibus.  Petala 
extus  villosa.  Stamina  monadelpha.  Legumen  insigniter  incur- 
vum. 

Petiolus  communis  6-9"°  longus  cum  petiolulis  pubescens,  folblis  chartaceis 
concoloribus  reticulato-penninerviis  et  venosb  ad  nervos  venasque  parce  ad  cos- 
tam densius  appresso-piktsis,  lateralibus  superiotibus  e  basi  obtusa  lanceolatis 
50™™  longis  i5<>'Bi  latis,  inf«rioribus  ovato-lanceolatis  acuminatb  35™™  longis, 
terminali  baai  acuto  65°"  longo.  Racemi  ferrugineo-pubesoentes  drdter  a^'^" 
lon^,  bracteis  bracteolisque  semtorbicularibus  i  .5°""  longis,  floribus  8™"  longis. 
Calyx  appresse  femigineo-pilosus  3""  longus  vix  denticulatus.  Omnia  petala 
dense  longeque  femigineo -villosa.  Vexillum  orbiculare  7™™  longum.  Carinae 
petala  angusta  cum  staminibus  6™™  lon^.  •Ovarium  pubescens  uniovulatum. 
Leguminis  glabrescentis  breviter  stipitati  5-6*™  longi  corpus  monospennum  9"'" 
latum,  sutuia  superior  ad  semen  abropte  ioSexa,  ala  35-40""  longa  15-17"" 
lata  obtusa  nurgine  superiore  arcuata  inferiore  recta. 

In  fundo  JinUna  dicto  ad  PeAas  Blancas,  Ri6  Diquis,  Comarca  de  Pun- 
tarenas,  Costa  Rica,  alt.  600",  Febr.  1898,  H.  PilHer  (n.  11163). 

Drepanocarptis  (JLineati  Benth.)  salvadorensls  Donn.  Sm. — 
Cano-pubescens  vel-furfuraceus  stipulis  uncinatis  aculeatus.  Foliola 
9-11  oblongo-obovata  vel  elliptica  apice  retusa  basi  acuta  vel  obtusa. 
Paniculae  axillares  binae  et  terminales,  floribus  pedicellatis.  Petala 
subaequalia.  Stamina  aequaliter  diadelpba  cum  carina  valde  incurva. 
Ovarium  uniovulatum. 

Stipulae  indurato-spinesoentes  dilatatae  3-5""  longae.  Petioli  communes 
4-5™  longi,  foliolis  plenimque  9  primum  dense  denique  leviter  pubescentibus 
coriaceis  plenimque  oblongo-obovatis  30-33""  longb  11-15""  l^tis  insigniter 
retusis  lineato-nervosis,  nervis  interdum  anastomosantibus,  margine  nerviformi. 
Paniculae  canesoentes  6-11™*  longae,  nunb  singulis  vel  3-3-nis,  inferioribus 
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15-30""  longis,  pedioellis  a-3""  longis,  bracteolis  suborbicularibiu  3.5°""- 
diametralibus  persistentibus,  floribus  19-14""  longis-  Calyx  pubescens  7"" 
longus,  deatibus  rotunditU  i""  longis,  a  superioribus  latioribus.  Vexillum 
extus  pubescens  suborbiculare  lo-ii"™  longum  9"™  latum  vix  emar^natum 
alis  aequilongum.  Stamina  carinam  9"™  longam  quasi  cucullalam  aequantia, 
vagina  ante  antbesin  utrinque  usque  ad  basui  fissa.  Ovarium  pubescens  jam 
dtcpuiifonne.     Legumen  ignotum. 

Soyapuigo,  Depart.  San  Salvador,  Republ.  del  Salvador,  alt.  750",  Dec.  1906, 
Luis  V.  Vtlasat,  n.  900S  ex  PI.  Gual.  &c.  quas  ed.  Donn.  Sm. 

IjOachocarpiis  minlmtftorm  Donn.  Sm. — Foliola  7-11  lanceolato- 
elliptica  acuminata  basi  acuta  impunctata  utrinque  minute  appresse- 
que  pubescentia.  Racemi  singuli  densiflori,  pedicellis  per  paria  pedi- 
cello  communi  brevi  insidentibus,  floribus  in  genere  minimis.  Vex- 
illum  extus  sericeum  intus  basi  biappendiculatum.  Alae  et  carina 
glabrae. 

Arbor  8-io-metialis,  ramulis  lenticeltatis.  Petiolus  communis  4-^""  bngus 
tetragonus  pubescens.  Petiolulus  tcrminalis  ceteris  3-1^0  longior  medio  articu- 
latus.  Foliola  lateialia  superiora  3-4™'  longa  infimis  ovalibus  bis  fere  longiora, 
foliolum  tenninale  obovato-lanceolatum  s-fi""  longum.  Racemi  tetragon!  pubes  - 
centes  peduncub  circiter  i™  tongo  nonnunquam  bifido  adjecto  6-8™  longi, 
pedicello  communi  1,5""  longo  pedicellis  propriis  paulo  longiore,  bracteolis 
caiyd  approximatis  ovalibus  i""  longis  peisbtentibus,  floribus  5"™  longis. 
Calyx  apprcsse  aureo -pubescens  vix  deniatus  3'^'^  alius.  Vexillum  orbiculare 
5""  longuift  atque  latum  apice  emarginatum  dorso  incanum.  Alae  et  carina 
inter  se  aequilongae.  Staminum  tubus  3 . 5""  longus,  filamento  vexillari  omnino 
soluto.  Ovarium  cano -sericeum  5-6-ovulatum.  Legumen  non  visum. — L. 
parvi flora  Benth.  et  L.  airopurpureo  Benth.  pioxtmus. 

Santa  B&rbara,  Depart.  SololA,  Guatemala,  all.  450™,  Jan.  1894,  Heyde  et 
Lux,  n.  6330  ex  PI.  Guat.  iic.  quas  ed,  Donn.  Sm. 

Derrls  (£  Eudekris  Benth.)  costaricensls  Donn.  Sm.— Foliola 
5-7  inter  maxima  obovato-  vel  oblongo-elliptica  vel  ovalia  apice 
retusiusculo  rotundata  basi  acuta  vel  obtusa  punctata  utrinque  prae- 
sertim  subtus  molliter  pubescentia  transversim  venosa.  Pedicelli 
bini.  Vexillum  appendiculatum.  Stamina  monadelpha.  Legumen 
cartilagineum  velutinum  lanceolato-ellipticum  monospermum. 

Ex  ramulis  ad  apioem  vetsus  6-8""  ctassis  verisimiliicr  arborescens,  porti- 
bus  novellis  luteo-fusco-velutinis.  Petiolus  communis  9-16'"  bngus  velutbus, 
petblub  termmali  33""*  bngo  lateralibus  3-pb  bngiore.  Foliola  ooriaoea  dis- 
cobria  supra  glabrescentia  subtus  aetate  ptovectiore  saltem  ta  sicco  mbute 
foveolata,  superiora  11-16™"  bnga  6-8'^"  lata,  inlima  ovalia  6™'  bnga  45"™ 
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lata,  nervis  lutta-fusds,  lateralibus  utrinque  lo-ia  subrectis  margioem  allin- 
geniibiu  interdum  anastomosuitibiis,  veais  truisvenis  crebris  subpanllelts. 
Rxcemi  axOkres  velutini  9-11'™  longi,  pedicetlis  S™"  bngis,  floribus  is"" 
longiS'  Calyx  velutinus  5.5""  longus  breviter  seUceo-tridenticulatus.  VexQ- 
lum  orbiculaic  extus  cano-Kiiceum  basj  sicut  in  Sectione  Paradans  bicaUoaum. 
Alae  glabrae.  Carina  extus  sericea.  Stamen  vexillare  ima  basi  tantum  libenim, 
vagina  n™"  longa  etiam  post  antbesb  clausa.  Ovarium  pilosum  unbvulatum 
stylo  glabro  6=""  longo.  Legumen  luteo-fusco-veiutinum  lo-ia™"  longum  4*" 
latum  vertice  obtusum  basi  acutum,  sutum  superior  ala  i .  s™*"  lata  roarginala, 
semine  cocdneo  renifonni  9'°™  longo  18™™  lato. — Nomen  vemaculare  nempe 
5>«feCueriuoorticemexfoliantem  vult  indicare. — G«nu5  adhuc  tantum  ex  America 
Australi  et  Orbe  Vetere  oognitum. 

Ad  litora  sinus  SaUnas  diet),  Comarca  de  Puntarenas,  Costa  Rica,  Jul.  1890, 
Tondia  (n.  3880).— In  coUibus  silvestribus,  Peninsula  Niooya,  Costa  Rica,  Maj. 
1900,  Tondnt  {n.  13993). 

Derrls  (§  EuDEKSis  Benth.)  penlnmUiii  Donn.  Sm. — Glabra. 
Foliola  5-7  lanceolato-clliptica  vel  elliptica  graciliter  acuteque  acu- 
minata basi  acuta  punctukta  subtus  pubenila  crebre  penninervia. 
Pedicelli  bini  pedicello  communi  insidentes.  Vexillum  appendicu- 
latum.  Stamina  monadelpha.  Ovarium  4-5-ovulatum.  Legumen 
cartilagineum  obliquum  utrinque  acuminatum,  monospermum  ovale, 
dispermum  oblongum. 

Ramuli  verrucosi.  Petiolus  communis  8-11'"'  longus,  petiolulo  terminali 
34°""  longo  ceteris  4-plo  longiore.  Foliola  cbartacea  concoloria  6-10""  longa 
3-4™  lata,  nervis  lateralibus  utrinque  lo-ii  usque  ad  marginem  simplidbus. 
Raoemi  axillaics  glabri  d-io"^"  longi  floribundi,  pedicellb  propriis  medio  bibrac- 
teolatis  3™*°  longis  pedioellum  communem  subaequantibus,  floribus  n""  longis. 
Calyx  glabrescens  4™"  altus  obsolete  denticulatus.  Vexillum  lineis  pubesoen- 
tibus  extus  striatum  basi  bicallosum.  Petala  reliqua  hinc  illinc  pubesoentia. 
Stamina  8™™  longa,  vexillari  ima  basi  libera,  vagina  etiam  post  anthesin  clausa. 
Ovarium  pilosum.  Legumen  glabnim  inaequilaterale  35""°  latum,  monosper- 
mum ssHSs"""  longum,  dispermum  85""  longum,  sutura  superiore  ala  a"™  lata 
marginata,  semine  fusco  renifonni  11""  longo  ai  ""  lato. — Ab  mcolis  Ckapemo 
nuncupatur. 

In  silvis  et  ad  vias.  Peninsula  Niooya,  Costa  Rica,  Maj.  1900,  Tondux  (nn. 
13961,  13966). 

Denis  (5  EtJDERRis  Benth.)  nicoyensis  Donn.  Sm.— Glabra. 
Foliola  s  rhomboideo-elliptica  obtuse  contracto-acuminata  basi  acuta 
impunctata  subtus  appresse  cano-puberula  penniner\-ia.  Pedicelli 
sparsi.  Legumen  cartilagineum  ovale  utrinque  acuminatum  mono- 
spermum. 
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Arbor,  ooma  sphaeroidi  {Tandm  in  scbedula).  Petiolus  oommunis  gUber 
7-13™  bogus,  petiolulo  tenninali  34<°°>  ktngo  lateralibus  4-plo  longiore.  Foliola 
coriaoea  supra  ^bra  55-90'°°'  lonpi  30-50"°  lata  subcaudato -acuminata,  ner- 
vis  lateralibus  utrinque  lo-ii  prope  marginem  arcuatis,  venb  grosse  reticulatis. 
Racemi  axillaies,  fructiferi  solum  oogaiti  4-7™  longi.  Legtunen  glabrum  aequi- 
lalerale  circiter  65™™  tongum  33™"  latum,  sutura  superiore  ala  a=™  lata  mar- 
ginata,  semine  fusco  renifonni  ninni  longo  18  °"°  lato. 

In  collibus  silvestribus.  Peninsula  Niooya,  Costa  Rta,  Dec.  1899,  Tombu 
(n.  13547)- 

Inga  (j  Pseudinga;  Ser.  Vulpinae  Benth.)  Tonduzii  Donn.  Sm. 
— Setuloso-hirsuta.  Petioli  alati,  foliolis  2-3-jugis  ellipticis  vel  ovato- 
eltiptids  acuminatis  basi  obtusis.  Pedunculi  singuli  vel  bini  spicae 
rhachin  subaeqiiantes.  Corolla  villosa  calycem  parce  setuligemm 
bis  superans.  Legumen  hirsutum  planum  mai^inibus  incrassatum 
vix  dilatatum. 

Arbor,  ooma rotunda(r(m<fuz in scfaeiiula),ramulispetkilispeclunculis patenter 
denseque  fcmigineo-setulosis.  Stipulae  deltoideae  attenuato-acuminatae  lo-ia"™ 
longae  6-7"°'  latae  coriaceae  striatae  glandulosae  extus  hirsutae  caducae. 
Petiolus  inter  foliolonun  juga  3-4'™  longus  6-8°"°  latus,  infra  Jugum  infimum 
li-ao""  longus  nudus,  glandulis  ellipsoideis,  foliolis  saejuus  trijugis  coriaoeis 
utrinque  ad  nervos  dense  inter  nervos  pardus  biisulis  filifonne  cusindatis,  supre- 
mis  maximis  ia-i7<™  longis  6-9"°  latis  par  infimum  3-4-plo  exoedentibus. 
Pedunculi  circiter  3™>  longi,  spids  densifloris,  bracteolis  lineari-lanceolatb  7-10°" 
longis  extus  biTSUtis  subpeisistentibus.  Calyx  in  lobos  vel  dentes  acutos  dirum- 
pens  praeter  settilas  sparaas  gjaber.  Corolla  pallide  flavida  37°"°  longa  usque 
ad  quintam  partem  superiorem  acute  lobata.  Stamina  rosea  corollam  bis  super- 
aniia,  tubo  ioduso.  Ovarium  glabrum.  Legumen  17"°  longum  38™°  latum 
marginibus  4°"°  crassum. — /.  insignem  Kunth  et  /.  PiMeri  Mtcbeli  revocans 
ab  utraque  tamen  legumine  seaionis  distinctissima. 

Las  Vueltas,  Tucurrique,  CosU  Rica,  alt.  635™,  Dec.  1898,  Adoljo  Tondus 
(n.  12938). 

Faramea  (§Hypochasua  Muell.  Arg.)  saerrensis  Donn.  Sm. — 
{F.  trinervia  K.  Schum.  el  Donn.  Sm.,  var.  suerrensis  Donn.  Sm.) — 
Folia  obovato-vel  oblongo-elliptica  vel  lanceolata  in  caudam  gracilem 
acuminata  basi  acuta  trinervia.  Cyma  foliaceo-bibracteata,  Pedi- 
celli  floribus  breviores.  Calycis  tubus  turbinatus,  limbus  mucronulis 
denticulatus  disro  brevior.  Alabastnim  loborum  corollae  subglobo- 
sum.    Filamenta  longiuscula.    Fructus  transversim  elltpsoideus. 

Frulex  3-4™  attus  ramosus.  Folia  crasso-pergamenea  diaphana  nilida  oon- 
cokiria  i6-2x"°  longa  4-7"°  lata  in  caudam  14-30""  longam  desinentia,  costa 
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utrinque  prominente,  nervo  conspicuo  abosi  utrinque  prodeunte  apicem  attin- 
gcDte  a  margine  5-8°™  dUUnte,  nervis  lateralibus  primariis  angulo  fere  recto 
a  costa  divergentibus  utrinque  14-16,  petiolis  8-13™'°  longis,  stipulis  persUten- 
tibus  vaginantibus  7-9'°™  longis  muticis.  Pedunculus  4-5'™  longus  apice  brac- 
teis  lanceolatis  4"°  longis  caducb  instnictus,  cyma  folus  breviore  densiflara  repe- 
titus  trichotoma,  pedicellis  4-6""  longis.  Calyds  tubus  i""  tongus  limbo  inttis 
glanduloso  bis  longior,  denticulis  miaulis.  CoroUa  intense  cyanea  g"""  lonfp 
tertia  parte  bbaia  ore  constricta.  Stamina  oorollae  ad  basin  versus  inaerta, 
filamentis  1,5"°"  longis,  antheris  indusis.  Discus  cylindricus  1=""  loagus. 
Fructus  cyaneus  ttansvereim  ij"™  longus  u""  crassus,  semioe  oonfonni  subtus 
usque  ad  medium  transversim  bipartito. 

In  silvis  profundb  udisque  ad  fundum  Suerre  dictum,  Llanums  de  Santa 
Clara,  Costa  Rica,  alt.  300",  Febr.  1896,  /.  Do$uidl  Smith,  n.  6589  ex  PI. 
Guat.  &c.  quaa  ed.  Donn.  Sm. — In  silvis  pmpe  confluentiam  fluminum  Pueito 
Viejo  et  SarapiquI,  Llanuras  de  Tortugero,  Costa  Rica,  alt.  lao",  Febr.  1893, 
P.  Biclky  (n.  7394). 

Faramea  (£  Hypochasua  Muell.  Arg.)  eorycarpa  Donn.  Sm. — 
Folia  obovato-vel  eiliptico-oblonga  caudato-acuminata  basi  acuta 
subtus  flavo-virentia,  nervis  lateralibus  validioribus  remotis  prope 
margiaem  arcuatim  connexis.  Cyma  folia  subaequans  laxiSora, 
pedicellis  gracillimis.  Calycis  lobi  inaequales  apice  recurvati.  Fruc- 
tus transversim  oblongo-ellipsoideus. 

Arbuscula,  ramulis  flavo-virentibus.  Folia  tenutter  chartacea  diaphana  dis- 
ooloria  11-15'"  lon^  4-S"™  '"ta  m  caudam  lo-ia™"  longam  contracla,  nervis 
lateralibus  patentissimis  utrinque  S-io,  petiolis  4-5°"°  longis,  stipulis  cito  caducis 
ignotis.  Pedunculus  4-6™  longus,  bracteis  ovalibus  4""^  longis  aristulatis,  cyma 
subcorymbiformi  quater  quinquiesve  trichotoma,  pedicellis  10-13™"  longis- 
Calycis  tubus  campanularis  a""  longus  limbum  atque  discum  oequans,  bbi 
oblongo-ovati  accrescentes,  duo  opposili  3-6""  longi  ceteris  1-3-plo  majores. 
Corolla  cyanea  lo-i  i™"  longa,  loborura  alabastno  ovoideo  3 , 5°""  longo.  Stamina 
medio  lubo  corolke  inserta,  antheris  subsessUibus  5""  longis  indusis.  Discus 
trunca to-con icus.  Fructus  tiansveisim  la""  longus  6""  crassus,  semine  coeni- 
leo  basi  transversim  et  profunde  bipartito. 

In  silvb  prope  Las  Vueltas,  Tucurrique,  Costa  Rica,  all.  650-700",  Dec 
1898,  A.  Tonduz  (n.  128S0). 

Themistodesla  pterocarpa  Donn.  Sm. — Folia  obovata  apice  lotun- 
data  bast  attenuata  obscure  quintuplinervia.  Flores  solitarii.  Calyx 
campanulatus  pentapterus  corolla  5-plo  fere  supeiatus.  Antherae 
rimis  linearibus  dehiscentes,  filamentis  glabris.  Fructus  globosus 
alatus. 
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Fmticulus  epiphyticus  mmosus  dense  foliosug,  ramulis  novellis  et  petiolis 
pubescentibus.  Folia,  pleiumque  a"°  loaga  i™*  lata  ooriacea  praeter  costam 
supra  pubenilam  glabra,  margine  integro  revoluto,  aervU  venisque  praesertim 
subtus  subimmersis,  petiolis  canaliculatis  i°"°longis.  Pedimculi singuli  tetngoni 
bosi  squamosi  6-7™™  bngi  et  floics  glabri.  Calyx  4""  longi,  tubo  qnam  limbus 
bis  lon^re.  Corolla  tubulosa  iS-19™™  longa  teres,  lobis oblongo-ovatis  3.5°^™ 
loagis  intus  pubescentibus.  Stamina  tubum  cDroDinum  aequantia,  filamentis 
aequalibus  oomplanatis  4°""  longis,  locuiis  granulatb  3.5"™  longis  antice  brevis- 
sime  calcaratis,  tubutis  io""°  longis  tertia  parte  rimosb.  Stylus  corollam  pauIo 
superans.  Fnictus  6""-diametralis, — Calycis  tubus  Anihofltrum  simulat 
Inflorescentia  atque  corolla  necnon  calycis  limbus  cum  Tktmislodeiia  melius 
congniunt. 

In  summo  monte  C<mtia  dicto,  Costa  Rica,  alt.  aooo",  Sept.  1900,  H.  Pit- 
tier  (n.  14031). 

Centropogon  (§  Siphocahpyloides  Benth.  et  Hook.)  porphy- 
rodontus  Donn.  Sm. — Folia  subcoriacea  nitida  laticeolato-ovata  sen- 
sim  tenuiterque  elongata  basi  vix  ac  ne  vix  cordata  calloso-denticulata. 
Pedunculi  axillares.  Calycis  tubus  poculiformis  supra  ovarium  pro- 
ductus  basi  intrusus  segmenta  Unearia  aequans.  Corolla  ai^uste 
tubulosa  recta.     Staminum  tubus  glaber. 

Suffrutex.  Folia  7-13™*  longa  35-70™™  lata  acutissima  basi  truncata  vel 
retusa  subtus  pallidiora,  denticulis  salientibus  0.5"™  longis  et  marpne  revoluto 
puipureis,  nervis  subtus  et  petiolo  15-20'°'°  bngo  roseolb  subtUiter  puberulis. 
Pedunculi  6-9'^"  longi  sub  flore  defieio  torti.  Calyx  nitidus  14="°  longus,  tubo 
bb  longioFe  quam  latiore,  segmentb  liberis  inlegris  acutis.  Corolla  ^bia  in 
sicco  rosea  43-45*°'°  longa  'usque  ad  quintam  partem  lobata.  Antherae  doiso 
parce  pilosae,  minores  vertice  penicellatae.  Bacca  globoso-ovalis,  9°""  tonga 
ynoi  lata. 

Valle  de  Los  Arcingeles,  Prov.  San  Jos^,  Costa  Rica,  alt.  1900",  Dec  189S, 
H.  Piltier,  n.  7349  ex  PI.  Guat.  &c.  quas  ed.  Donn.  Sm.(n.  12307  berb.  nat. 
Cost.). — Sub  Siphocampyh  Cosbiricae  Vatkc  olim  dbtributus. 

Centropogon  (g  Siphocampyloides  Benth.  et  Hook.)  aemato- 
sepalus  Donn.  Sm. — Undique  paleaceo-pubescens.  Folia  mem- 
branacea  supra  sparsim  subtus  densius  pubescentia  lanceolato-ovata 
sensim  elongata  basi  a>rdata  setults  excuirenttbus  denticulata.  Pedun- 
culi axillares.  Calycis  tubus  obconicus  scgmentis  ^iformibus  denti- 
culatis  bis  superatus.  Corolla  incurva  sursum  sensim  paulo  ampliata. 
Staminum  tubus  cum  antheris  hirsutus. 

SuSrutex  scandens,  partibus  novellb  canescentibus.  Folia  subtus  pallida 
75-100'°'°  longa  35-45'°"  lata,  denticulis  minulb  inaequalibus  cUIolatis,  nervis 
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venisque  subtus  patenter  pubesoentibus,  petiolis  35-45°'™  longis.  Pedunculi 
foliis  breviores,  floribus  pubesoentibus  46-50°"°  longis.  Calycis  segments  tenuis- 
suna  9"°*  longa  denticulis  subulatis  utrinque  3-4  munita.  Corolla  sicdtate  pur- 
purea leviter  incurva  43-45°"°  longa,  lobis  hxxb  longis.  Anlherae  exsertae, 
mmores  vertioe  penicellatae.  Bacca  ignota. — Spedei  praecedenti  foliorum  dr- 
cumscriptione  similis  eonun  indumento  et  margine  necnon  flonun  indole  satis 
diSeit. 

Cuesta  de  los  Bonicas,  Comarca  de  Puntaienas,  Costa  Rica,  alt.  3300™, 
Jan.  1897,  H.  PiUUr  (n.  10533). 

Centropogon  nzuatosepalus  Donn.  Sm.,  var.  palmanns  Dotin. 
Sm. — Folia  acuminato-ovata  basi  leviter  cordata.  Pedunculi  foliis 
longiores  usque  ad  6-8^"°  tongi.  Calycis  segmenta  integra  tubum 
aequantia.  Aotherae  dorso  sicut  slaminum  tubus  glabrae.  Bacca 
glabra  globoso-ovalis. 

Va  Palma,  Prov.  San  Jos^,  Costa  Rica,  alt.  1500",  Jul.  j888,  H.  Pitiitr 
(n.  ayi). 

Ardisla  ($  Pickekingia  Mez.)  meiantha  Bonn.  Sm. — Folia  parva 
lanceolato-elliptica  utrinque  acuta  integra  coriacea  utrinsecus  punc- 
tulala  et  eminenter  minuteque  reticulata.  Flores  bipinnatim  panic* 
ulati  in  genere  minimi  5-6-meri.  Corollae  lobi  patentes  staminibus 
breviores.     Filamenta  antheris  quincuplex  longiora. 

Folia  40-70"™  longa  is-a5""°  lata  a  medio  utrinque  fere  consimiliter  angus- 
tata  subtus  palUdiora,  pettolis  canaliculatb  5-7""  longis.  Panicula  terminalis 
breviter  pedunculata  densifloia  mbutissime  furfuracea  35-50°"°  alta,  ramis 
primariis  taoemose  florigeris,  infimb  10-15'°'°  longis,  bracteis  oblongo-ovatis 
7°"°  longis,  pedioellis  3-y^  longis  in  calycem  basi  incrassatum  ampliatis, 
bracteolb  ovatis  3'°'"  longis  sicut  bracteae  nibro-punctatb  et  caduds.  Fbres 
plenimque  6-meri  genitalibus  ponectis  computatis  vti  3.5""°  longi.  Sepala 
concava  ovalia  1'°'°  longa  marginibus  minutis^me  dlblata.  Corolla  a°"°  longa 
uaque  ad  duas  partes  fere  lobaia,  lobb  imbricatis  breviter  oblongb  obtusis  uti 
aepala  punctb  et  lineb  rubro-notatb.  Filamenta  libera  3.5°""  longa,  antherb 
acumioato-cordalb  0.5'°'°  longb  medio  affizb  birimosis.  Ovarium  cum  stami- 
nibus  immaculatum  ovoideum  stylo  subulato  ad jecto  3™"  longum  6-8«vulatum. 
pTuctus  ignotus. 

Prope  Cartago,  Costa  Rica,  alt.  1500",  Apr.  1906,  WUham  R.  Maxon  (n.  44). 
— Typus  in  herb.  Horti  Botanid  Noveboracensb  servatur. 

Rftuwolfla  stenophylla  Donn.  Sm. — Verticiili  approximati  tetra- 
phylli.  Folia  lineari-Ianceolata  acuta  in  petiolum  attenuata  in  quo- 
que  verticillo  valde  inaequalia  crebre  penninervia  opaca.'  Cyma 
pseudotenninalis  corymbiformis  foliis  bis  terve  superata  dichotoma 
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floribunda.  Coiollae  tubus  calyce  3-plo  longior  lobos  proprios 
aequans  infra  medium  staminiferus. 

Glabra.  Intemodia  ad  apicem  versus  ramulanun  8-30°"  looga.  Folia 
chartacea  9-17™*  lon^  ii-as*"*  lata,  cujusque  veiticilli  folium  majdmum 
minimo  bis  longius,  Dfrvis  lateialibua  utrinque  30-35  prope  maTgineiu  arcuatis, 
venis  subobsolelis,  petiolb  canaticulatis  7-18™™  longis.  Pedunculi  altenii  foliis 
nasoentibus  suboppositi,  inferiores  a^""^  longi,  lamis  cymulisque  dichotomis, 
pedicellisa-6"'°longis,bracteoIisovatis  vixo.s™  longis.  Calyx  1.5""  bogus, 
lobis  ovatis  obtusis.  Corolla  9-io°>™  kinga  extus  pubcnila  ore  caao-p3osa  intus 
pubesocDS.  Ovana  sejuncta  disco  cupulifonni  dacta  drdter  4-ovuIata-  Fructus 
decst. — R.  loHgifoliat  A.  DC,  ex  cbaracteribus  pmiima. 

Republica  del  Salvador,  loco  naiali  baud  accunttius  indicato,  ann.  1905, 
Cdrios  Rlnson  (n.  389).    Typum  in  herb.  Musei  Nationalis  vidi. 

Gouolobus  ($  MoNoSTEuuA  K.  Schum.)  TnercUielinli  Dona.  Sm. 
— Fusco-pilosus.  Folia  ovato-lanceolata  coriacea  discoloria  costa 
cum  petiolo  villosa  margine  pilosa  ceterum  glabrescentia.  Corymbi- 
pedunculati  simplices  petiolo  longiores.  Corolla  rotata  refleia  mar- 
morata,  lobis  orbicularibus.  Corona  ex  lobulis  5  reflexis  constans 
tubo  stamineo  elongate  3-plo  superata.    Stigma  obtuse  angulatum. 

Frutex  volubilis,  caulibus  letroisum  pilosis.  Folia  subtus  saltern  sicdtate 
flavicantia,  juniora  subtus  fusco-reticulata,  provectiora  50-63"™  longa  aa-36"" 
lata  apice  acuta  basi  rotunda,  nervis  venisque  subinuneisis,  petiolo  14-17'°'° 
longo.  Corymb!  pilosi  pedunculo  5'"'°  longo  computato  10-16'°'°  longi  5-9-flori, 
pedioellis  8-15°""  longis,  floribus  i5-i6'°'°-diajnetralibus.  Calyx  extus  patenter 
pilosus  intus  5-glandulasiis,  segmentis  ovato-lanceoktis  acutis  6"""°  longis. 
Corolla  aurantiacea  badio -reticulata  extus  puberula  intus  nuda,  tubo  3""°  longo, 
lobis  6°""  longis.  Coronae  simplicis  lobuli  semtorbiculares.  Tubus  stamineus 
columnaris  1.5'°'°  longus.  PoUinia  clavata  subpendula.  Ovaria  ^bra, 
stigmate  angulis  baud  producto  3.5"™  lato,  centra  deprcsso.  Follicula  non  vidi. 
— Secundum  characterum  subordinationem  Schumannianam  prope  G.  rhamm- 
folium  Griseb.  locandus. 

Cobin,  Depart.  Alia  Verapaz,  Guatemala,  alt.  1330'",  Jul.  1906,  A.  von 
Ttttnkheim  (n.  II.  1301). 

Sanchezia  Sprucei  Lindau,  var.  salTadorensis  Donn.  Sm. — 
Arbuscula  (d.  Velasco  in  scheda),  ramulis  obtuse  tetragonis  et  foliis 
glabris.  Cujusque  paris  folium  alterum  altero  bis  majus.  Spicae  in 
paniculam  14-16'^'"  longam  dtspxisitae  intemodiis  nudis  intemtptae. 
Calycis  scgmenta  cum  bracteis  bracteolisque  glabra,  3  linearia,  reliqua 
latiora  deorsum  angustata.  Corolla  usque  ad  56""""  longa,  lobis  5""" 
longis  atque   latis.     Antherae   6"""   longae.     Stylus  stigmate   5"" 
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longD  computato  65""  longus. — Cum  diagnosi  exempli  typici  peni- 
viani  cetermn  satis  bene  quadrant  exempla  salvadorensia. 

In  hoitis  ad  oppidum  Son  S&lvador,  RepuU.  del  Salvador,  alt.  700™,  Dec 
1906,  Luis  V.  Vdasco,  n.  8985  ex  H.  Guat.  itc.  quas  ed.  Donn.  Sm, 

SAHAGnNiA  UKOPHYLLA  Doun.  Sm.  in  BoT.  Ga2.  40:11.  1905. — 
Descrtptionj  adde  charactera  emendata  e  specimine  infra  citato 
sumpta: — Folia  tactu  asperula.  Capitula  feminina  solitaria  et  brevi- 
ter  pedunculata  vel  2-4  in  racemum  3-9'''"  longum  dissita  subsessilia, 
perianthiis  fructiferis  2-8  primum  in  massam  camosam  velutinam 
concretis  denique  solutis. 

Spedmen  n.  1 11  enumeiatum  a  Cdrlos  Rhuon  in  Republica  El  Sahador  ann. 
1905  leaum  in  berb.  Musei  Naiionalb  vidi. 
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MICROCYCAS  CALOCOMA 
CONTRIBUTIONS  FROM  THE  HULL  BOTANICAL  LABORATORY 
XCVII 
Otis  W.  Caldwell 
(with  plates  x-xni  and  fourteen  figdkes) 
In  a  recent  number  of  the  Botanical  Gazette  (i)  there  appeared 
a  brief  taxonomic  account  of  this  plant.    It  was  described  originally 
by  MiQUEL,  from  fragmentary  material,  as  Zamia  calocoma  (2), 
although  on  account  of  its  resemblance  to  a  small  Cycas  revoluta 
he  made  for  it  the  section  Microcycas  under  Zamia.    Later  DeCan- 
DOLLE  (3)  added  to  Miquel's  description  and  raised  the  section  to 
generic  rank.    The  previous  paper  (i)  added  to  the  knowledge  of 
the  taxonomic  features  of  the  species;  while  the  present  paper  deals 
with  the  field  studies  and  the  morphology. 

FIELD  observations 

The  region  in  which  this  study  was  made  is  in  the  Sierras  of  western 
Cuba,  beginning  with  the  mountains  northwest  of  San  Diego  de  los 
BaAos,  rumiing  through  the  Santa  Catalina  region,  and  ending  to  the 
westward  with  the  mountain  known  locally  as  CuchiUo  de  Pinar,  near 
San  Andrace.  Within  this  area  Microcycas  was  found  in  four  places, 
in  three  of  which  the  plants  were  few  and  distinctly  local.  In  the 
other  (Cuchillo  de  Pinar)  the  plants  were  found  one,  two,  or  a  half- 
dozen  together  at  infrequent  intervals  for  a  distance  of  one  and  a  half 
to  two  miles  along  the  mountain.  It  is  highly  probable  that  sufficient 
search  would  result  in  the  discovery  of  other  groups  in  other  moun- 
tains. The  native  Cuban  mountaineers,  to  some  of  whom  the  plant 
is  known  as  "palma  corcho,"  reported  that  they  had  heard  of  the 
plant  elsewhere,  though  they  said^it;is  extremely  rare.  The  folk-lore 
of  the  region  says  that  the  roots  of  the  "  palma  corcho  "  are  good  for 
use  as  rat  poison,  hence  the  desirability  of  a  knowledge  of  its  location, 
and  the  probability  that  there  wouldbejinowledge  of  any  large  groups 
of  individuals  should  they  exist. 
Botanical  Oufltte,  Tol.  44]  [118 
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The  specimens  observed  were  not  confined  to  any  particular 
exposure;  the  one  shown  in  fig.  j  is  facing  south;  those  in  figs,  i,  2, 
and  4  are  facing  north;  while  those  in  figs.  5  and  6  face  west.  In 
so  far  as  could  be  determined,  the  plants  are  closely  limited  in  elevation, 
the  level  showing  them  to  be  at  essentially  the  same  elevation  though 
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older  ones  of  the  shaded  forms,  may  be  seen  rings  of  the  cortex  and 
bark  which  indicate  the  position  of  former  terminal  buds  (pgs.  2,  4, 
J,  6,  8).  Just  what  these  may  signify  relative  to  age  has  not  been 
detennined.  It  may  be  that  they  are  formed  only  by  the  foliage 
buds,  or  only  from  scale  buds,  or  even  possibly  from  reproductive 
buds,  or  all  of  these  put  together.  It  is  not  known  how  often  a  new 
crown  of  scales,  or  of  foliage  leaves,  or  of  reproductive  structures  is 
formed  in  Microcycas.  These  rings  may  persist  until  the  plant  is 
quite  old  (fig.  4),  or  may  disappear  entirely  and  give  place  to  a  bark- 
formation  quite  resembling  that  of  the  trunk  of  some  pines  {fig.  j). 
In  nearly  all  older  plants  at  the  base  of  the  stem  will  be  seen  such 
bark -format  ion  as  shown  in  the  figure  just  cited,  while  at  some  point 
above  the  characteristic  rings  appear.  Were  these  characteristics 
not  found  upon  the  same  stem,  one  could  readily  believe  that  the 
steins  shown  in  figs.  2  and  j  do  not  belong  to  the  same  species. 

The  details  of  anatomy  of  the  stem  have  not  been  investigated. 
From  a  gross  examination  it  is  evident,  however,  that  Microcycas  has  a 
single  vascular  cylinder  surrounded  by  a  thick  cortex  and  enclosing  a 
large  pith  region  (fig.  jo),  as  in  Zamia,  Dioon,  and  Stangeria.  The  pith 
is  extremely  brittle,  and  its  ceils  are  densely  filled  with  very  large  starch 
grains. 

The  leaves,  which  often  exceed  a  meter  in  length,  vary  greatly 
in  the  number  in  each  crown  (figs.  i~S).  The  length  of  life  of  a  leaf 
could  not  be  detennined,  and  although  no  leaves  upon  old  plants  were 
found  opening  from  the  bud,  the  vernation  in  seedlings  is  cirdnate. 

OVULATE  CONES  AND  MEGASPORANGIA 
A  single  ovulate  cone  (fig.  8)  was  found  on  a  number  of  plants. 
It  appears  upon  first  observation  to  be  a  terminal  structure,  but  closer 
investigation  indicates  that  it  is  lateral,  though  younger  material  must 
be  studied  to  determine  definitely  this  point.  The  base  of  the  cone 
is  enclosed  by  heavy,  hairy  scales  (figs.  11,  12)  which  usually  have 
their  upper  ends  pressed  closely  between  the  outer  portions  of  the 
basal  sporophylls.  The  cone  shown  in  fig.  8  was  94"""  from  the 
center  of  its  base  to  the  center  of  its  tip,  and  weighed  9 .  5^,  being  the 
largest  cycad  cone  yet  reported.  This  one,  however,  appears  to  be 
slightly  larger  than  the  average  ovulate  cone  of  Microcycas. 
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In  cones  of  the  ages  shown  in  the  figures  the  sporophylls  are 
closely  pressed  together,  and  are  covered  over  the  exposed  portion  by 
a  dense  mass  of  closely  appressed  grayish  hairs.  At  the  time  of  seed 
distribution  the  sporophylls  separate,  the  entire  cone  bends  on  its 
stem,  and  is  pendent  from  the  apex  of  the  plant.  The  individual 
sporophylls  bear  some  resemblance  to  those  of  Zamia,  but  are  specifi- 
cally distinct.  The  outer  portion  is  drawn  out  into  an  obtuse  point, 
upon  which  are  two  ridges. 

Most  of  the  cones  are  quite  symmetrical  and  are  remarkably  well 
rounded  both  at  base  and  tip,  thus  suggesting  complete  pollination 
and  development  of  sporangia  {figs.  8,  ii,  iz).  In  some  cases  this 
is  not  true,  and  irregularities  suggesting  imperfect  pollination  are 
conspicuous.    To  the  left  in  fig.  ii  such  a  cone  is  shown. 

Each  sporophyll  bears  two  sporangia  of  a  peculiar  salmon-pink 
color.  These  sporai^ia  in  the  mature  cones  are  closely  crowded 
together  (fig.  12),  thus  producing  the  corklike  form  of  the  seed  from 
which  is  derived  the  Cuban  name  "palma  corcho."  The  integument 
of  the  ovule  is  differentiated  into  an  outer  fleshy  layer;  a  thin,  hard, 
brown  layer;  and  an  inner  fleshy  layer  which  becomes  thin  and 
papery.  Vascular  bundles  pass  up  the  stalk  of  the  megasporophyll, 
anastomose  in  the  upper  portion,  and  give  off  five  to  eight  branches 
which  pass  into  each  ovule.  Just  after  entering  the  base  of  the  ovule 
each  vascular  bundle  forms  two  branches,  one  of  which  traverses 
unbranched  the  outer  fleshy  layer;  the  other  enters  the  hard  coat  and 
divides  into  a  large  number  of  anastomosing  branches  (fig.  16). 

STAMINATE  CONE  AND  MICROSPOHANGIA 

Although  the  staminate  cones  had  formed  and  shed  their  pollen 
some  months  before  they  were  obtained,  one  entire  cone  and  frag- 
ments of  several  others  were  found.  It  is  likely  that  the  entire  cone 
shown  in  fig.  13  was  delayed  in  development  and  did  not  mature  its 
pollen  normally,  since  all  the  other  staminate  cones  are  pendent  and 
had  their  stamens  separated  by  elongation  of  the  cone  axis.  From 
the  material  collected  it  would  seem  that  the  staminate  cone  is  25-30""° 
long  and  5-8="  thick.  Its  position  on  the  tip  of  the  stem  indicates 
that  it  is  lateral  in  origin. 

The  microsporophyll   has   its  outer  portion  expanded,  and  spo- 
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rangia  entirely  cover  the  basal  two-thirds  of  the  abaxial  surface  (fig. 
14).  They  are  not  arrat^ed  in  sori  and  cover  the  basal  and  apical 
sporophylls  as  completely  as  they  do  those  in  the  middle  of  the  cone. 
The  sporangium  dehisces  by  a  long  slit  which  extends  almost  to  its 
base.  The  microspores  are  spherical,  with  a  moderately  heavy  exine 
and  a  quite  prominent  intine. 

UALE  GAMETOPHYTE  AND  SPERMS 

None  of  the  pollen  collected  could  be  made  to  germinate,  possibly 
due  to  its  age  and  to  the  fact  that  a  fungus  was  growing  in  the  material 
when  collected. 

In  the  earliest  stages  shown  by  the  material,  the  male  gametophyte 
is  already  well  developed  (fig.  75).  After  the  microspore  reaches  the 
pollen  chamber,  the  pollen  tube  grows  upward  and  outward  into  the 
nucellus.  The  relation  of  this  growth  in  time  to  the  development  of 
the  structures  within  the  tube  could  not  be  determined.  In  pollen 
tubes  at  this  stage  there  are  usually  a  tube  nucleus,  a  prothallial  cell, 
a  stalk  cell,  and  eight  body  cells  (figs.  17,  18).  The  tube  nucleus  is 
usually  near  the  tip  of  the  tube  (figs.  18,  19),  but  sometimes  behind 
some  of  the  body  cells  (jig.  15).  Most  of  the  body  cells  remain  near 
the  base  of  the  pollen  tube,  though  some  are  usually  near  its  tip. 
While  the  number  of  body  cells  is  most  frequently  eight,  it  varies  to 
nine  (iig.  zo),  ten  (iig.  ig),  and  possibly  more.  Several  illustrations 
of  such  variation  were  found. 

The  prothallial  cell  extends  into  the  stalk  cell  {figs.  17-20),  as 
described  by  Webber  (6)  in  Zamia.  At  the  base  of  the  prothallial 
cell  there  may  be  seen  sometimes  a  darkly  staining  mass  which  may 
possibly  be  the  remnant  of  a  first  prothallial  cell  (figs.  19,  20). 

In  the  youngest  body  cell  observed  the  two  blepharoplasts  are  well 
organized,  each  with  numerous  radiating  lines  of  cytoplasm  which 
extend  well  down  toward  the  equator  of  the  cell  (fig.  21).  The 
nucleus  is  sometimes  irregular  in  form,  as  if  its  membrane  in  places 
were  being  pushed  inward  by  the  cytoplasmic  radiations.  When  the 
nucleus  varies  from  the  spherical  form,  it  is  more  or  less  flattened  at 
right  angles  to  the  lines  of  radiating  cytoplasm  (figs.  17-20,  21,  47). 
At  this  stage  the  blepharoplasts  are  usually  opposite  each  other, 
and  the  entire  cell  presents  a  beautiful  symmetrically  arranged  spheri- 
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cal  figure.  A  few  cases  were  observed  in  which  the  blepharoplasts 
were  near  each  other  (figs.  22,  2^),  and  one  case  in  which  they  were 
in  contact  {fig,  24);  a  careful  search  failed  to  show  other  blepharo- 
plasts. Webber  figures  similar  cases,  except  he  found  none  in  which 
the  blepharoplasts  were  so  close  together  as  in  figs.  23  and  24. 


Fkj.  5.— Four  plants  whirh  have  grown  from  atump  of  an  old  plant;  an  eiposed 
giaasy  hillside. 

The  division  of  the  body  cell  {fig.  2K\  results  in  the  formation  of 
two  sperm  mother  cells,  which  bea 
(fig.  27).  While  this  division  is  oc 
to  form  a  distinct  band  (fig.  25);  lat 
up  into  fn^ments  or  small  granule: 
the  cilia  may  be  seen  (fig.  2j).  T 
spherical,  but  is  flattened  on  the  si( 
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somewhat  older  than  the  stE^e  shown  in  iig.  zy  is  distinctly  beaked  at 
the  end,  where  most  of  the  blepharoplast  granules  lie.    This  nuclear 


beak  is  described  for  Cycas  by  Ikeno  {7),  but  according  to  Webber's 
figures  it  does  not  occur  in  Zamia.     The  sperm  cells  nearly  always 
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become  entirely  free  from  one  another  before  the  ciliated  band  is 
formed.  In  Zamia  Webber  points  out  that  the  ciliated  band  is 
formed  before  the  mother  cells  become  separate,  and  describes  one 
case  in  which  he  observed  two  sperms  swimmii^  while  yet  attached 
to  each  other. 

In  this  manner  sixteen  sperms  are  formed  in  each  pollen  tube 
(figs.  28,  2q).    In  those  pollen  tubes  in  which  nine  or  ten  (or  possibly 


Fig.  7. — A  young  plant  of  the  (ype  usually  found  in  exposed  regions.  The  ciown 
of  such  [dants  suggests  that  of  Cycas  revolulti. 

more)  body  cells  are  formed,  it  is  probable  that  a  larger  number  of 
sperms  is  formed,  but  no  case  was  observed  in  which  there  were 
more  than  sixteen  sperms.  ' 

When  the  body  cells  begin  to  divide  to  form  the  mother  cells,  the 
tube  grows  toward  the  female  garnetophyte  (fig.  26).  In  one  case 
the  entire  mass  of  sperms  was  formed  within  the  thicker  portion  of  the 
intine,  at  the  point  where  the  pollen  tube  began  to  develop  from  the 
microspore  {fig.  2g).  Whether  in  this  particular  case  there  had  been 
an  upward  growth  of  the  pollen  tube  could  not  be  determined.    Usu 
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ally  the  downward  growing  branch  of  the  tube  in  which  the  mass 
of  sperms  is  found  is  thin-walled,  as  are  the  ascending  and  lateral 
branches  (fig.  28).     By  dissecting  pollen  tubes  from  a  cone  that  had 


Fig.  8. — An  ovulate  cone  grtiHing  upon  a  plant  which  stands  in  a  ravine. 

been  kept  in  the  laboratory  for  two  months,  motile  sperms  were 
obser\'ed ;  the  general  form  is  shown  in  iig.  jo.  So  far  as  could  be 
determined,  their  behavior  was  similar  to  that  of  the  sperm  described 
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for  Cycas  by  Ikeno,  for  Ginkgo  by  HisASi  (8),  for  Zamia  by  Webber, 
and  for  Stangeria  by  Lang  (9).  The  cone  had  lost  its  vigor,  however, 
and  no  cases  of  fertilization  were  secured. 

The  full  significance  of  this  remarkable  number  of  sperms  in  each 
male  gametophyte  cannot  be  known  without  an  investigation  of  the 
origin  of  the  body  cells.  No  other  seed-plant  has  been  found  to  have 
more  than  two  male  cells  in  each  male  gametophyte.    The  fact  that 


Fio.  g.^A  relatively  young  plant  removed  from  the  earth. 

there  are  in  Microcycas  sixteen  mother  cells,  each  organizing  a  sperm, 
is  especially  suggestive  when  it  is  recalled  that  a  common  number  of 
sperms  in  each  antheridium  of  the  leptosporangiate  ferns  is  thirty- 
two.  Another  division  of  the  body  cells  of  Microcycas  would  result 
in  this  fern  condition.  It  will  be  of  great  interest  to  know  whether 
any  of  the  four  cycad  genera  as  yet  uninvestigated  possess  this  remark- 
able character. 
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FEUALE  GAMETOPHYTE  AND  ASCHEGONIA 

None  of  the  material  was  sufficiently  yout^  to  show  stages  in  the 
development  of  the  female  gametophyte.  The  structure  of  the  adult 
gametophyte,  however,  shows  that  tissue-formation  proceeded  in  the 
usual  centripetal  manner.  Usually  the  radial  arrangement  of  the 
cells  is  quite  evident  {fi-g.  48),  and  in  nearly  all  cases  there  is  a  median 


Flo.  10. — Ctoss-sectioD  of  slem. 

line  formed  by  the  abutting  tissues  (fig.  50) ;  in  some  cases  this  median 
deft  extends  to  the  micropylar  end  of  the  gametophyte.  On  the  sur-  ~ 
face  of  the  gametophyte  the  tissue  often  produces  lobes,  between 
which  there  may  be  conspicuous  seams  of  more  or  less  completely 
united  tissues  running  well  into  the  interior  of  the  gametophyte  (fig. 
50).  It  seems  probable  that  these  lobes  continue  to  grow  outward 
after  the  main  body  of  the  gametophyte  is  well  formed.  The  cells  of 
the  gametophyte  are  well  filled  with  starch.    The  entire  structure 
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Flo.  It. — Two  ovulate  cones. 

is  3.5-3.5'="  lo'*!?  ^°*1  1.75-2'^'"  broad.  The  nucellus  forms  an 
extremely  thin  layer  closely  adhering  to  the  surface  of  the  gameto- 
phyte. 
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'~'  Archegonia  may  be  formed 

at  the  micropylar  end  of  the 
gametophyte,  or  on  the  lobes 
produced  on  the  sides  or 
lower  end,  or  on  the  unlobed 
surface,or  in  rare  cases  within 
the  tissues  in  such  position  as 
to  open  to  the  median  cleft 
ifigs.  32,  48,  49,  50).  They 
are  more  abundant  at  the 
micropylar  end  than  else- 
where, and  in  many  cases 
they  are  fonned  in  no  other 
region  (fig.  48).  The  number 
of  archegonia  is  large;  one 
cross-section  made  a  little 
back  of  the  end  of  the  game- 
tophyte showed  169  distinct 
archegonia.  Doubtless  in 
many  cases  the  number 
exceeds  200  in  the  entire 
gametophyte  and  may  even 
be  double  that  number  (fig. 
49).  There  is  apparently 
little  difference  in  the  age  of 
archegonia  at  the  micropylar 
end  and  on  the  lateral  lobes. 
The  age  of  the  material 
did  not  permit  a  study  of  the 
development  of  the  arche- 
gonium.  Two  neck  cells  are 
formed,  but  these  do  not  pro-, 
trude  as  noted  in  Zamia  by 
Coulter  and  Chauberlain 
(10),  and  in  Dioon  by 
Chamberlain  (4) ;  they  may 
extend    slightly   beyond   the 


e  cone;    some  of  the 
removed,  showinn  the 

Hhment  of  the  ovules,     surface  of  the  gametophyte 
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(Jig.  jj),  but  usually  they  are  even  with  the  surface,  as  shown 
ID  the  case  of  the  single  neck  cell  in  fig.  ^4.  In  some  cases  at  least, 
the  neck  cells  break  down,  leaving  the  central  cell  exposed  at  the 
surface  of  the  gametophyte  (figs.  J5,  ^6).  The  contents  of  the 
archegonia  showed  considerable  variation.  In  such  archegonia  as 
are  shown  in  figs.  33  and  34,  there  is  the  usual  condition  in  which  the 
ventral  canal  cell  has  not  yet  been  cut  off;  in  numerous  other  cases, 
however,  two  or  three  nuclei  were  found  (figs.  36,  ;jj,  jg).    Coker 

(11)  found  that  in  Taxodium  the  free  ventral  canal  nucleus  after 
fertilization  divides   amitotically;  and  in  Podocarpus  he  observed 

(12)  the  same   phenomenon.     It   is   possible   that 
some  of  the  nuclei  found   in  the  archegonium   of 
Microcycas  may  have  arisen  in  this  way,  but  failure 
to  find  any  ventral  canal  nuclei  in  the  usual  position, 
though  many  central  cells  were  examined,  indicates 
that  the  material  was  not  old  enough  to  have  formed 
ventral  canal  cells.    That  some  of  the  central  cells 
were  almost  ready  to  divide,  hower,  is  shown  by 
the  condition  of,  the  nuclei  in  figs.  34  and  35.    It 
is   probable    that    archegonia    may   unite    by    the 
absorption   of   their  dividing  walls,  for  they  often 
crowd  upon  one  another  very  closely,  as  in  fig.  38,  in 
which  absorbtion   of  the   separating   walls   would 
result  in  just  such  a  condition  as  is  shown  in  figs.  36, 
J7,  and  39.     Comparison  with  other  cycads  would 
also  suggest  that  the  archegonium  has  not  reached   the  stage  for 
cutting  off  the  ventral  canal  nucleus.    It  seems  altogether  probable 
that  a  ventral  canal  nucleus  is  cut  off  subsequently,  and  that  the 
two  or  more  free  nuclei  observed  are  the  result  of  the  union  of  two 
or  more  archegonia. 

The  development  of  jacket  cells,  as  described  by  Goroschankin 
(I3),Treub  (14),  Ikeno  (7),  Smith  (15),  Stopes  and  Fujn  (16), 
is  much  less  regular  in  Microcycas  than  in  the  other  cycads  studied. 
This  is  probably  due  to  the  crowding  together  of  archegonia  and  the 
consequent  absorption  of  intervening  tissue. 

The  very  large  number  of  archegonia  and  their  peculiar  distribu- 
tion are  suggestive  of  primitive  conditions,  and  this  is  emphasized 
by  association  with  the  large  number  of  sperms. 
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From  the  material  collected  during  January  and  February  no 
cases  of  fertilization  or  young  embryos  were  found.  A  second  collec- 
tion of  cones  forwarded  late  in  February  failed  to  arrive.  In  a  third 
collection,  which  was  shipped  from  Cuba  early  in  April,  the  ovules 
were  found  to  contain  embryos  in  which  the  suspensors  were  well 
developed.  The  suspensors  are  long  and  more  or  less  spirally  coiled 
{figs.  40,  41),  the  one  shown  in  fig.  41  being  8*^"  long.  A  dozen  or 
more  embryos  may  be  found  in  a  single  gametophyte.  The  pressure 
of  the  spiral  suspensor  is  such  as  frequently  to  lift  the  nucellar  cap 
when  the  hard  seed  coat  is  removed.     Such  a  pressure  on  the  embryo 


Fic  14 — Staminate  sporophyllsi  the  Iwo  at  the  left  show  the  adaual  surface,  the 
two  at  the  right  the  abaidal  surface,  the  midrlle  one  a  lateral  view. 

would  hold  it  firmly  against  the  endosperm.  Frequently  suspensors 
pass  upward  through  the  archegonia  and  over  the  gametophyte  under 
the  nucellar  cap  {fig.  41).  No  embryos  were  found  in  any  archegonia 
except  those  at  the  micropylar  end  of  the  gametophyte. 

While  material  was  being  collected  in  January  and  February, 
seeds  were  found  on  the  ground  at  the  bases  of  plants  that  had  ripened 
ovulate  cones  the  preceding  year,  and  some  of  them  had  germinated. 
The  fleshy  seed  coat  was  gone,  and  in  many  cases  there  were  scars 
upon  the  hard  seed  coat,  evidently  made  by  the  teeth  of  animals;  in 
some  cases  the  empty  seed  coat  appeared  to  have  been  opened  by 
animals. 

Within  the  mature  seed  a  single  large  straight  embryo  extends 
along  the  median  axis.    One-half  is  made  up  of  the  cotyledons,  those 
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in  the  seeds  exammed  varying  from  three  to  six  in  number;  usually 
they  are  straight,  but  occasionally  they  are  spirally  twisted  {jig.  42). 
The  seeds  and  seedlings  secured  were  planted  in  the  greenhouse  and 
are  just  now  beginning  to  grow.  After  the  root  tip  emerges  and  enters 
the  earth  {jig.  43),  the  cotyledons  remain  in  the  seed  coat  for  a  loi^ 
period,  but  its  length  was  not  determined.  A  tuberous  stem  several 
centimeters  in  length  is  produced  before  other  structures  emerge 
from  the  seed,-  The  first  true  leaf,  just  now  appearing  in  the  green- 
house material,  is  somewhat  circinate,  distinctly  hairy,  and  arises 
almost  from  the  center  of  the  stem  {figs.  44,  45).  In  the  peculiarly 
severe  conditions  in  which  Microcycas  lives,  there  is  often  great  danger 
to  the  seedlings  of  dessication,  and  the  production  of  a  stout  tuberous 
stem  before  the  production  of  leaves  is  evidently  of  great  advantage. 


1.  Small  and  widely  separated  groups  of  Microcycas  calocoma 
occur  in  some  of  the  mountains  of  western  Cuba. 

2.  The  adult  plant  is  a  small  tree,  and  reaches  the  greatest  height 
and  circumference  yet  recorded  for  any  cycad  indigenous  to  the 
western  hemisphere.  The  stem  may  be  a  straight  shaft  or  may 
branch  many  times. 

3.  The  ovulate  cone  is  the  largest  known;  and  it  and  its  sporo- 
phylls  bear  more  resemblance  to  those  of  Zamia  than  to  those  of  other 
cycads. 

4.  Unbranched  vascular  bundles  pass  up  the  stalk  of  the  mega- 
sporophyll,  anastomose  in  the  expanded  portion,  then  give  off  five  to 
eight  branches  to  each  ovule.  Immediately  after  enterii^  the  ovule 
each  branch  divides,  one  subdivision  passing  unbranched  through 
the  fleshy  layer,  and  the  other  passing  into  the  hard  layer  and  branch- 
ing many  times. 

5.  The  staminale  cone  is  long  and  slender,  and  two-thirds  of  the 
abaxial  side  of  its  sporophylls  is  densely  covered  by  sporangia  which 
do  not  show  any  distinct  grouping  into  son. 

6.  In  the  male  gametophyte  eight  body  cells  are  formed  and  six- 
teen sperms.  Each  body  cell  has  two  large  blepharoplasts  which 
usually  lie  on  opposite  sides  of  the  cell,  but  sometimes  may  lie  side  by 
side.    Sometimes  nine  or  ten  body  cells  are  produced. 
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7.  The  female  gametophyte  is  often  prominently  lobed,  and 
develops  a  lai^e  number  of  archegonia  (sometimes  exceedii^  200), 
which  are  produced  on  any  part  of  the  surface  or  even  within  the 
endosperm. 

8.  Many  embryos  are  produced,  the  suspensor  being  very  long 
and  spirally  coiled  and  pressing  the  embryo  tip  against  the  endo- 
sperm; the  cotyledons  are  three  to  six  in  number. 

9.  Miciocycas  may  be  regarded  as  the  most  primitive  cycad  yet 
described. 

I  wish  to  acknowledge  the  kindly  assistance  in  the  field  and  in 
camp  from  Seflor  don  Felice  Hernandez  y  Cruz  of  Santa  Catalina, 
Cuba;  assistance  in  the  field  and  courtesies  in  the  laboratories  of  the' 
Cuban  Agricultural  Experiment  Station  from  Professor  C.  F.  Baker, 
Director  J.  T.  Crawley,  Mr.  H.  A.  van  Heruann,  and  Mr.  E.  W. 
Halsted;  and  courtesies  of  the  laboratories,  constant  suggestions, 
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members  of  the  botanical  staff  of  The  University  of  Chicago. 
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EXPLANATION  OF  PLATES  X-XHI 

PLATE  X 

Fig.  15.  Diagram  of  nucellus  showing  hauslorial  branches  of  pollen  tubes 
growing  upward  and  outward  from  pollen  chamber.  X 15. 

Fig.  t£.  Diagram  of  megasporophyU  showing  anastomosing  of  veins  in 
expanded  portion;  veins  passing  bto  ovule  and  rebranching  at  base  of  ovules 
into  outer  fleshy  and  stony  layers;  g,  female  ^metophyte;  n,  nuoellus;  t,  stony 
layer;  v,  unbranched  vascular  bundle  in  fleshy  layer  (o);  v',  branching  vascular 
bundles  in  stony  layer.  Xj. 

Fic.  17.  Pollen  tube  containing  eight  body  cells,  some  of  which  show  two 
blepharoplasts;  one  small  tube  nucleus;  stalk  cell  and  projecting  into  it  the 
prothallial  cell;  a  fragrtKnt  of  the  exlne  adheres  to  the  inline  at  the  base  of  the 
tube.  Xiiio. 

Fig.  18.  Pollen  tube  with  eight  body  cells,  tube  nucleus,  stalk  cell,  and 
prothallial  cell.  X 160. 

Fig.  19.  Pollen  tube  at  left  of  fig.  15;  contains  ten  body  cells  and  the  other 
structures  shown  m  figs,  ij  and  iS.  X 160. 

Fig.  30.  Pollen  tube  contaming  nine  body  cells.  X 11 

PLATE  XI 

Fig.  31.  Body  cell  surrounded  by  thin  layer  of  cytop 
opposite  ends  of  the  cell;  nucleus  apparently  coinpres 
promment  nucleolus.  X7S0. 

Fig.  33.  Blepharoplasts  on  same  side  of  body  cell.  > 

Fig.  33.  Blepharoplasts  near  one  another.  X1400. 
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Fx.  3^.  Spmillc  in  body  cdL  ^lovinK  jonx  oc  die  dmmosons;  bJepimo- 
pltttfB  brzouiiiic'  tD  &)nii  ^pi^     <  7^^- 

Fuv  36.  Dia^nm  of  smxihis  sbammx  x^ectl  pnQei  tubes;  bwst  <»«  abow- 
in^  die  jfeacenrfing  portuut  ta  vfudt  du  saaiia  spems  ue  fanngij   .>  15. 

Fov.  aj-  Pair  of  mntJier  edb  fcaned  mun  body  cell;  iteKr  wall  maj  be  sten 
fragments  of  bJepiaropiBMS-  x  750. 

PL.ITE  i:£ 

Fuv  a^  DeacendiD^dpof  pnQcncibciii  vtudiareoneat  ^^ms  n  [Mciccasof 
bmuiinn;  tnp  5f  spiral  of  one  b  ^ivq.  vnj  the  beginning  of  ^nal  buKb  n 
rvo  <'>dien;  tn  the  left  b  dK  nib*  aodens.  :>  .1^ 

Fu%.  39.  Pollen  nibe  coma-ining  spneen  ^ennss.  cwo  of  wfudt  siiuv  netdr 
the  rip  of  their  spiral  bttoda;  i(  waa  ooc  poaeibie  cd  disaiier  in  thb  mbe  cfac  ihibI 
haivKoriai  branch  that  axnuJa  iito  the  rnucUia,  aB.  de^eiupmeat  £«Tiit;  sppar- 
itntly  taken  place  ahnrat  vidun  tbe  Ifmfw  of  the  alii  mioT^Bpuic:  intme  mneaaOr 
heawy  anrf  maiewtiai  hmfcen;  groirtii  in  the  directijci  ot  t&e  ardtegocm-  x  i3o. 

f  W,,  3D,  Spenn  Ken  from  abore.  >  730.    tPtate  XI.) 

Fi'>,  3c.  Pl»rt  of  dliaied  bttmi  ^hawiD^  two  i^axs  and  dim  anmctg  &ob 
ikirket  one.  /  i^ao. 

Fcri.  ^.  Dkj^iam  of  croas-acctioo  of  ovule,  made  from  oo^rsectkn  aboai 
one-rhirr)  iti  leof^  ^om  micmpTbr  end,  y  3. 

Fin.  ,;3.  Dtagram  of  an  arche^'mium.  X  75. 

Flc  34.  Arche^niuiD,  showing  central  aH  and  one  neck  oeQ. 

FiA.  5;.  Tip  of  archegoaium;  neck  cells  absent  or  broken  down.  X750. 

Fid.  yb.  Archegcinitun  contamiog  three  nadei,  ptobaUj  icsulting  from  union 
of  ihite  arcbe^mia;  Deck  ctUa  absent  or  bn>ken  down.  X750. 

F«J,  37,  Archegonium  containing  three  nndei,  probably  resulting  from  nnioo 
of  three  archt^Titia.  X770. 

Fin.  38.  Dtagram  of  lectioa  of  two  arcfaegoaia,  the  two  having  ibe  form  of 
one,  tml  mill  Mpciraled  bj  waU.  X37o. 

Fin.  39.  CroH-Mction  of  an  archegonium  oooiaintng  two  nudei.  X370. 

Fin.  40.  Two  young  embryos,  their  suspensors  so  doaely  attached  as  to  be 
Indinlinguiahable  above,  but  separated  below;  at  top  is  mass  of  old  archegonia 
from  one  of  which  the  embryos  are  growing.  X3. 

Fin.  41.  Oilier  embryos  growing  from  mass  of  c^d  arcbegonia;  the  longest 
■iM|*:n*or  measured  8""  in  length;  two  suspensots  growing  upward  from  the 
archi-gonia  were  closely  apprt«sed  to  the  gamelophyie  unmediately  beneath  the 
nucellar  cap.  Xj. 

Fin.  4a.  En(los|)enn  (sceil  coau  irmoved)  containing  an  embryo;  ootyledons 
spirally  twisted,  a  feature  nut  prcaeni  in  most  seeds  examined,  x). 

Fio.  43.  (jcrminaiing  seed.  xj. 

Fin.  44.  Young  plantlet  resuming  growth  after  having  been  transplanted; 
■irm  in  same  posiiiim  as  found  in  nature;  at  its  top  are  Kale-like  growths  which 


>v  Google 


BOTANICAL  GAZETTE,  XUV 


CALDWELL  on  MICROCYCAS  Dintizen  byGoOQic 


■jGoogle 


BOTANICAL  GAZETTE,  XLIV 


>v  Google 


■jGoogle 


BOTANICAL  GAZETTE,  XUV 


PIATE  XII 


Digtiz.ribyGoOgle 


■jGoogle 


BOTANICAL  GAZETTE,  XUV 


>v  Google 


■jGoogle 


BOTANICAL  GAZETTE,  XLIV 


>v  Google 


■jGoogle 


BOTANICAL  GAZETTE,  XLIV  PlJlTE  XII 


CALDWELL  on  MICROCYCAS 


K-ibyGoogle 


■jGoogle 


BOTANICAL  GAZETTE,  XUV  PLATE  XIII 


>v  Google 


Google 


DisiiizBdbjV^iOOQie 


1907)  CALDWELI^MlCltOCVCAS  CALOCOMA  141 

apparently  are  beginnmp  of  bud  scales;  first  leaf  drdnate,  distinctly  hairy,  and 
showing  the  beginnmg  of  leaflets.  X}. 

Fig.  45.  Plantkt,  of  same  age  as  m  fig.  44,  removed  from  the  earth;  does  not 
show  scale-like  growths.  X). 


Fig.  46.  Pollen  lubes  in  nucellus;  body  cells  (eight  in  each  of  two  tubes) 
seen  in  the  ascending  haustorial  brandies. 

Fig,  47.  Two  body  cells,  showing  fonn  of  nucleus,  blepharoplasts,  and 
ladiating  cytoplasm. 

Fig.  48.  Tip  of  female  gametophyte,  showing  mass  of  arcfaegonia. 

Fio.  49.  Cross-section  of  female  gametophyte  about  2"^  from  micropylarend. 

Fig.  50.  Longitudinal  section  of  female  gametophyte,  showing  archegonia  at 
micropylar  end,  along  both  sides,  in  median  line,  and  at  basal  end. 
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APOGAMY  IN  NEPHRODIUM 

CONTRIBUTIONS  FROM  THE  HULL  BOTANICAL  LABORATORY 

XCVIII 

Shig£o  Yamanouchi 

This  preliminary  note  will  give  a  brief  account  of  my  cytological 
studies  on  apogamy  in  Nepkrodtum  moUe  Desv.,  which  were  con- 
ducted at  the  Hull  Botanical  Laboratory,  the  University  of  Chicago, 
under  the  direction  of  Professor  John  M.  Coulter  and  Dr.  Charles 
J.  Chamberlain,  to  whom  I  acknowledge  my  great  indebtedness 
for  their  suggestion  and  assistance  in  this  investigation. 

To  undertake  the  solution  of  such  an  important  problem  as  apog- 
amy, it  is  absolutely  necessary  for  an  investigator  to  have  beforehand 
a  thorou^  knowledge  of  the  nuclear  condition  in  the  normal  life- 
history  of  a  selected  form.  For  this  reason  I  have  made  a  complete 
study  of  the  normal  life-history  of  Nephrodium  in  order  to  obtain  the 
knowledge  requisite  for  an  investigation  of  the  problem  of  apogamy. 

The  detailed  accoimt  of  this  investigation,  with  plates  and  a  dis- 
cussion of  literature,  will  be  published  later  in  three  successive  papers, 
entitled  "Sporogenesis;"  "Spermatogenesis,  oogenesis,  and  fertili- 
zation;" and  "A  study  of  apogamy." 

Mitoses  in  the  sparopkyte. — It  was  very  easy  to  get  the  successive 
stages  of  the  process  of  the  v^etative  mitoses  in  various  parts  of  the 
leaf,  but  the  most  favorable  figures  were  obtained  during  the  fonna- 
tion  of  the  sporogenous  tissue. 

The  resting  nucleus  in  the  sporogenous  tissue  contains  a  delicate 
network  with  one  or  several  nucleoli.  Approaching  the  prophase 
of  the  mitosis  the  network  passes  into  the  continuous  spirem,  uniform 
in  thickness  and  distributed  throughout  the  nuclear  cavity.  Two 
kinoplasmic  caps  with  few  fibers  are  formed  at  the  two  poles  out- 
side the  nucleus.  The  nuclear  membrane  becomes  elongated  a  little 
toward  the  kinoplasmic  caps  and  begins  to  break  down  at  that  point. 
Coincident  with  this  the  spirem  segments  into  a  number  of  chromo- 
somes to  which  intruding  spindle  fibers  become  attached  and  tinally 
establish  an  equatorial  plate  that  has  a  characteristic  aspect  which 
will  be  shown  in  a  final  paper. 
Botsnical  0«Htt«,  Tol.  44]  [i4> 
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The  chromosomes  at  the  equatorial  plate  split  longitudinally, 
and,  after  a  peculiar  change  of  their  form,  two  groups  of  daughter 
chromosomes  pass  to  the  opposite  poles  of  the  spindle,  where  they 
become  closely  crowded  in  a  mass.  The  polar  view  of  this  stage 
shows  that  the  number  of  chromosomes  is  128  or  132,  Nucleoli 
fuse  usually  into  one  or  two  globules  which  decrease  in  size,  finally 
vanishing  during  the  prophase.  The  daughter  chromosomes, 
crowded  in  a  mass  at  the  poles  of  the  spindle,  become  so  closely 
a^regated  that  it  is  hard  to  identify  their  individual  outlines;  then 
follows  vacuolization  of  each  chromosome. 

The  central  spindle  lying  between  two  poles  after  organization 
of  the  daughter  nuclei  seems  to  contribute  material  for  the  formation 
of  the  cell  plate,  and  consequently  it  proceeds  from  the  center  toward 
the  periphery  of  the  cell. 

The  resting  nucleus  of  the  spore  mother  cell  contains  a  fine  net- 
work of  linin,  in  which  the  chromatin  material  is  distributed  in  larger 
and  smaller  knots.  With  the  further  growth  of  the  nucleus,  the  knots 
in  the  network  decrease  in  size,  whereas  the  delicate  linin  part  increases 
in  thickness,  and  finally  there  is  formed  a  well-developed  spirem,  uni- 
form in  thickness  and  very  much  tangled.  This  state  soon  passes 
into  the  synaptic  stage,  which  seems  to  culminate  by  location  of  the 
tainted  spirem  at  one  side  of  the  nuclear  cavity.  The  spirem  consists 
of  two  threads,  close  together;  in  some  parts  the  two  are  in  contact 
side  by  side,  and  in  the  other  parts  they  are  fused  into  a  single  thread. 
These  two  threads  may  represent,  according  to  the  recent  interpreta- 
tion of  synapsis,  chromatin  of  maternal  and  paternal  origin. 

After  synapsis,  the  tangled  thread  begins  to  uncoQ  and  becomes 
distributed  throughout  the  nuclear  cavity;  the  spirem  shows  longi- 
tudinal splitting,  but  the  two  elements  of  the  spirem  which  resulted 
therefrom  remain  closely  associated  so  as  to  form  a  double  thread, 
which  finally  segments  into  66  or  64  chromosomes,  each  showing 
clearly  its  bivalent  nature. 

Fibrillar  structures  which  first  appear  at  the  periphery  of  the  clear 
region  closely  surrounding  the  nucleus  become  more  and  more 
pronounced  until  they  approach  the  nuclear  membrane,  and  when 
the  membrane  breaks  down  the  fibers  enter  into  the  nuclear  cavity  from 
several  directions. 
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When  the  spindle  becomes  bipolar,  the  chromosomes  at  the 
equatorial  plate  are  arranged  regularly,  so  that  the  counting  of  their 
number  is  easily  done  from  the  polar  view.  These  64  or  66  bivalent 
chromosomes  separate  and  two  sets  of  daughter  chromosomes,  each 
64  or  66,  pass  to  the  poles  of  the  spindle,  and  daughter  nuclei  are 
formed  by  the  vacuolization  of  chromosomes. 

Granularization  of  cytoplasm  now  begins  at  the  periphery  of  the 
equatorial  plate  and  proceeds  toward  its  center,  and  seems  to  replace 
entirely  the  central  spindles,  so  that  the  spore  mother  cell  is  divided 
into  'wo  hemispheres  by  the  equatorial  zone  of  granular  cytoplasm. 

Except  in  the  number  of  chromosomes,  the  sea>iid,  the  so-called 
homotypic  mitosis,  is  essentially  the  same  in  Nephrodium  as  the 
typical  mitosis  of  the  vegetative  cell;  64  or  66  chromosomes  reappear 
at  the  prophase  of  the  second  mitosis,  split  longitudinally,  and  are 
distributed  into  spores. 

Spermatogenesis. — The  mitoses  in  the  vegetative  cells  of  prothaUia 
are  similar  to  those  of  the  sporophyte.  The  number  of  chromosomes, 
however,  in  this  case  is  66  or  64.  The  accoimt  of  the  mitoses  which 
take  place  from  the  cutting-off  of  an  antheridial  initial  from  the 
superficial  cell  of  the  prothaUia  to  the  formation  of  sperm  grand- 
mother cells  will  be  omitted.  The  number  of  chromosomes  is  always 
66  or  64. 

The  sperm  grandmother  cell  is  characterized  by  the  first  appearance 
of  blepharoplasts.  The  blepharoplasts  first  appear  as  two  small 
granules  at  opposite  sides  of  the  nucleus,  near  the  periphery  of  the  cell, 
which  means  that  the  origin  of  the  blepharoplast  in  Nephrodiimi  is 
cytoplasmic.  The  resting  nucleus  of  the  sperm  grandmother  cell 
passes  through  the  prophase,  metaphase,  anaphase,  and  telophase, 
the  number  of  chromosomes  being  66  or  64,  and  the  blepharoplasts 
are  always  present  near  the  poles  of  the  spindle.  After  telophase, 
each  daughter  cell  of  the  sperm  grandmother  cell  or  the  sperm  mother 
cell  contains  a  single  blepharoplast. 

When  the  cell  plate  is  completed,  a  new  body  appears  near  the 
nucleus  of  the  sperm  mother  cell,  far  apart  from  the  blepharoplast. 
For  the  sake  of  convenience,  we  shall  term  this  body,  at  present,  the 
Nebenkem. 

The  blepharoplast  in  close  contact  with  the  nucleus  increases 
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in  size  and  assumes  gradually  a  a>iled  band  shape,  while  the  nucleus, 
after  an  interestii^  modification  of  chromatin  material,  becomes 
also  a  coiled  structure.  The  cilia  appear  only  on  the  outer  surface 
of  the  blepharoplast.  The  Nebenkem  remains  attached  at  the 
posterior  end  of  the  mature  sperm,  with  the  remnant  of  cytoplasmic 
material. 

Oogenesis  and  fertilization. — In  the  formation  of  an  archegonial 
initial  from  a  vegetative  cell  of  the  prothallium,  64  or  66  chromosomes 
are  present.  The  mitoses  which  occur  in  the  formation  of  the  cen- 
tral cell,  neck  and  ventral  cells,  and  neck  canal,  ventral  canal,  and 
e^  cells,  have  very  interesting  peculiarities  which  will  be  described  in 
a  later  paper.  The  noteworthy  thing  is  that  the  number  of  chromo- 
somes is  64  or  66. 

Sperms  pass  through  the  archegonial  neck  and  reach  the  egg  cell. 
Normally  a  single  sperm  succeeds  in  entering,  through  the  cytoplasm, 
into  the  egg  nucleus  which  is  in  the  resting  condition.  Within  the 
egg  the  sperm  finally  loses  its  individual  oudine. 

The  fertilized  e^  nucleus  in  the  resting  state  passes  into  the  pro- 
phase of  the  first  segmentation  division.  The  spirem  is  a  homogeneous 
thread  structure,  uniform  in  thickness,  and  seems  to  be  continuous. 
It  segments  into  a  number  of  chromosomes  that  become  arranged  in 
an  equatorial  plate.  The  chromosomes  in  the  equatorial  plate  split 
longitudinally  and  two  sets  of  daughter  chromosomes  separate  and 
pass  toward  the  poles  of  the  spindle.  The  polar  view  of  this  set  shows 
that  the  number  of  chromosomes  is  128  or  132. 

The  further  processes  of  segmentation  divisions  during  the  develop- 
ment of  an  embryo  were  traced  out  in  order  to  make  certain  the  number 
of  chrosomomes,  and  128  or  132  are  always  present. 

Apogamy. — The  prothallia  which  produce  apogamous  sporophytes 
do  not  seem  to  be  different  from  those  which  form  normal  embryos, 
so  long  as  they  remain  a  single  cell  layer  in  thickness  throughout.  The 
morphological  structure  does  not  seem  to  show  any  peculiarity.  Num- 
erous antheridia  are  produced.  Although  the  mitoses  which  give  rise 
to  sperm  mother  cells  from  a  primary  spermatogenous  cell  are  different 
from  those  of  a  normal  case,  yet  the  motile  sperms  are  develbped. 

The  most  important  and  peculiar  feature  of  the  prothallia  in 
connection  with  apogamous  growth  is  as  follows:    The  successive 
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cell  divisions  proceed  in  the  cushion  region  as  usual  in  a  normal 
case,  but  no  functional  archegonium  is  formed.  In  a  certain  portion 
in  or  near  the  cushion  region,  a  superficial  cell  divides  perpendicular 
to  the  surface  of  prothallium,  while  cells  below  the  surface  divide 
in  various  directions.  Thus  a  mass  of  peculiar  structure,  whose 
further  development  would  result  later  in  an  independent  sporophyte, 
is  worked  out  directly  by  the  continuous  growth  of  the  prothallium. 

The  nuclear  conditions  were  traced  through  the  critical  stage,  inter- 
mediate between  gametophytic  prothallia  and  sporophytic  structure, 
to  the  independent  sporophyte.  The  number  of  chromosomes  remain? 
unchanged,  always  being  64  or  66.  There  is  no  migration  of  a 
nucleus  from  a  neighboring  cell  to  e£fect  fusion,  as  15  reported  in 
Lastrea. 

Conclusions. — The  nuclear  condition  of  Nephradium  moUe  may 
be  summarized  as  follows : 

1 .  The  nuclei  of  the  prothallia  contain  64  or  66  chromosomes, 
the  reduced,  gametophytic,  or  x  number.  The  nuclei  of  the  gametes 
a>ntain  the  same  number.  The  fusion  nucleus  in  the  fertilized  egg 
presents  128  or  132  chromosomes,  the  unreduced,  sporophytic,  or  2X 
number,  which  keeps  unchanged  until  it  is  reduced  during  sporogenesis. 
Consequently  it  follows  in  the  normal  life-history  of  Nephrodium  that 
the  gametophyte  contains  the  x  number  of  chromosomes  and  the 
sporophyte  the  2x  number,  and  that  sport^nesis  and  fertilizatioa 
are  the  periods  which  mark  the  initiation  of  the  two  distinct  generations. 

2.  The  nucleus  of  a  prothalliaj  cell  with  the  x  number  of  chromo- 
somes (64  or  66)  sometimes  becomes  direcdy  the  nucleus  of  a  sporo- 
phyte, apogamously  produced ;  so  that  the  x  number  of  chromosomes 
continues  through  the  whole  life-history  in  the  apogamous  sporophyte. 
This  fact  docs  not  seem  to  affect  the  fundamental  idea  that  the  alterna- 
tion of  generations  is  marked  by  the  difference  in  the  number  of  chromo- 
somes in  the  normal  life-history;  but  is  simply  an  abnormal  case 
of  secondary  importance.  Still  it  must  be  admitted  that  in  the  case 
of  apogaray  at  least  the  number  of  chromosomes  is  not  the  only  factor 
which  determines  the  character  of  the  sporophyte  and  gametophyte. 

The  University  of  Chicago 


■jGoogle 
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BOOK    REVIEWS 
PUal  breeding 

PsoFESSOR  DeVkies  has  contributed  a  most  interesting  voltune'  to  the 
literature  of  plant  breeding  and  its  relations  to  the  current  theories  of  evolution. 
It  is  a  compact  and  popular  presentation  of  the  recent  wonderful  development 
in  methods  of  plant  breeding,  and  a  dear  statement  of  the  bearing  of  all  this 
vast  experimental  work  upon  the  author's  theory  of  mutation.  Of  spedal  interest 
to  American  readeis  are  the  description  of  the  methods  and  the  results  obtained 
at  the  Swedish  station  at  Sval&f  under  Nilssok,  and  the  comments  upon  the 
work  of  BiniBANK.  The  work  of  the  fonner  will  come  to  many  as  a  revelation, 
and  the  woik  of  the  latter  will  be  better  understood. 

The  material  of  the  book  is  derived  chiefly  from  a  series  of  lectures  pven  during 
two  sununeis  at  the  University  of  California  and  the  Univeraity  of  Chicago.  It 
is  presented  under  a  series  of  topncs,  each  of  which  is  complete  in  itself,  but  all 
of  which  contribute  to  the  general  purpose  of  the  author,  as  exjHCSsed  above. 
This  accounts  for  a  certain  amount  of  repetition,  but  it  is  the  kind  of  repetition 
that  uses  the  same  material  to  illustrate  the  various  points  of  view  involved  in  a 
great  conception.  It  is  difficult  to  ^ve  an  adequate  idea  of  the  contents  of  such 
a  book,  for  the  princi)^  become  convincing  only  when  illuminated  by  the  details 
of  experimental  work. 

The  firat  topic,  entitled  "Evolution  and  mutation,"  b  a  geoetal  introduaory 
definition  of  the  mutual  relations  of  evolution,  natural  selection,  and  mutation, 
relations  that  seem  to  be  peisbteotly  misundeislood.  Unit-characteis,  as  the 
essential  feature  of  mutation,  are  defined;  and  hybridization  is  shown  to  result, 
not  in  new  imit-characters,  which  characterize  mutation,  but  sim|Jy  in  a  new  com- 
bination of  unit-chanctera.  This  position  is  supported,  not  only  by  the  author's 
experiments,  but  by  numerous  cases  in  horticulture,  by  the  constancy  of  wild 
species,  by  the  behavior  of  characters  in  crosses,  by  the  occurrence  of  dearly 
defined  small  spedes  within  the  ordinaiy  spedes  of  wild  plants  and  agricultural 
crops.  It  b  claimed  that  the  slow  change  of  one  spedes  into  another  has  not 
been  proved,  and  that  the  mass  of  present  evidence  points  to  the  origin  of  spedes 
from  other  spedes  by  "sudden  leaps,"  which  are  called  mutations. 

The  second  topic  deals  with  "The  discovery  of  the  elementary  spedes  of 
agricultural  plants  by  Hjaluab  Nilsson,"  whose  work  the  author  evidently 

■  DeVries,  Hugo,  Plant-breeding;  comments  on  the  experiments  of  Nilsson  and 
Burbank.    Pp.  xiii+360.     Chicago:  The  Open  Court  Publishing  Co.   190;. 
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regards  as  of  the  deepest  significance,  not  only  in  practical  plant  breeding,  but 
chiefly  in  reference  to  evolutionary  doctrine.  To  develop  the  importance  of 
Nilsson's  work  deariy,  the  author  considers  the  general  tope  in  four  sections. 
The  fiist  is  a  historical  sketch  of  the  "Difierent  principles  in  the  breeding  of 
cereals,"  in  which  the  contributions  of  LeCoitteuk,  Shikiieff,  Hallett, 
Havs,  and  Von  Lochow  are  considered.  The  first  two  worked  upon  the  prin- 
ciple of  a  sin^  initial  selection  and  subsequent  rajnd  multiplication  without 
further  selection,  in  this  sense  being  the  precursors  of  the  SvalSf  method.  Then 
came  the  domination  of  Hallett,  whose  principle  was  accepted  by  German 
breeders,  and  seems  to  govern  them  to  thb  day.  Its  two  essential  features  are 
the  initial  choice,  and  the  slow  and  gradual  improvement  by  selection.  With 
great  force  the  author  shows  that  all  depends  upon  initial  choice,  subsequent 
selections  only  serving  to  isolate  the  deviating  types;  and  these  "  initial  choices" 
were  iKver  numerous.  It  is  significant  that  Darwin's  theory  of  natural  selection, 
based  mferentially  upon  artificial  selection,  was  developed  at  a  time  when  this 
so-called  "German  method"  prevailed,  and  the  emphasis  was  being  laid  upon  the 
continuous  selection  rather  than  upon  the  initial  choice.  The  second  section 
describes  "The  Swedish  Agricultural  Eitperiment  Station  at  Svaldf."  It  began 
with  the  German  conception  of  plant  breeding,  but  soon  changed  to  its  present 
ideas.  The  results  have  shown  that  ordinary  cultivated  varieties  of  cereals  are 
not  pure,  but  are  mixtures  of  well-defined  and  very  numerous  types;  that  when 
there  is  so  great  a  range  of  types  for  selection,  there  is  only  loss  of  time  in  gradual 
amelioration  by  so-called  methodical  selection  or  in  hybridization  to  secure 
new  vnrieties.  The  third  section  presents  "The  Svalof  method  of  producing 
improved  races,"  being  a  detailed  account  of  the  method  of  selection  developed 
by  NiLSSON  and  his  staff.  Elementary  forms  are  distinguished  by  definite  "marks" 
(botanical  characters)  that  have  been  found  to  be  associated  with  certain  indus- 
trial qualities.  The  selection  is  made  only  once,  and  the  form  is  found  to  be 
quite  unifonn  and  constant,  with  the  exception  of  accidental  hybrids,  which, 
however,  also  yield  constant  and  pure  races  after  repeated  seleOion.  The  high 
variability  which  is  commonly  attributed  lo  the  ordinary  varieties  of  cereals  consists 
only  in  the  differences  among  the  constituents  of  the  mixtures.  The  fourth  section 
is  "A  criticism  of  the  principles  of  continuous  selection,"  and  b  a  most  effective 
analysis  of  the  bearing  of  Nilsson's  work  upon  the  question  of  (he  origin  of 
species  by  natural  selection  or  by  mutation.  According  to  the  author,  the  idea 
of  unit-characters  has  changed  the  whole  point  of  view,  and  the  theory  of  mutation 
is  supported  by  the  general  occurrence  of  elementary  species  and  their  constancy, 
l^  a  comparison  of  the  value  of  fluauating  variability  and  mutability  among 
cereals,  and  by  the  researches  of  Nilsson.  He  goes  so  far  as  to  claim  that 
"the  victory  of  the  theory  of  a  saltatory  origin  of  species  can  no  longer  be  doubled." 
The  third  general  topic  is  "On  com  breeding,"  and  it  is  most  interesting  to 
read  the  comments  of  a  trained  European  plant  breeder  upon  the  methods  of 
breeding  used  in  connection  with  this  dominant  cereal  of  the  United  States. 
The  real  breeding  of  com  began  about  ten  years  ago,  with  the  discovery  of  the 
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prindpde  of  sin^e-e&r  selection,  started  hy  Hopkins  of  the  Universitr  of  Ulinofs. 
The  main  difference  in  the  breeding  of  com  and  other  cereals  is  that  among  the 
latter  cross-poUination  b  an  ezoeption,  while  with  com  it  is  the  rule,  and  repeated 
selection  becomes  necessary  to  eliminate  the  effects  of  previous  crosses  (not  for 
slow  improvement,  as  commonly  supposed).  One  catches  glimpses  of  the 
immense  posubilities  in  breeding  com,  as  well  as  the  amateurishness  of  our 
current  methods. 

The  fourth  topic  is  entitled  "The  production  of  horticultural  novelties  by 
Luther  Burbank,"  who  has  the  misfortune  of  being  both  overestimated  and 
underestimated.  No  one  is  better  equipped  than  DeVues,  throu^  training  and 
temperament,  to  reach  a  true  estimate,  and  hence  this  section  of  the  volume  b  of 
great  interest.  The  tope  is  presented  under  four  divisions,  the  firat  dealing  with 
"Methods  and  material."  Bcsbank  b  described  as  "a  man  who  devotes  bb 
whole  life  and  all  hb  energies  to  the  introduction  and  production  of  new,  beauti- 
ful, and  useful  horticultural  plants,"  and  who  has  rediscovered  many  of  the  prac- 
tices more  or  less  universally  known  in  Europe.  A  special  feature  of  hb  work 
is  the  large  scale  on  which  hb  selections  are  made;  and  hb  main  work  consbts 
in  the  production  of  new  horticultural  varieties  by  crossing,  getting  combinations 
of  desiraMe  qualities,  and  eliminating  tmdeaiiable  ones.  The  second  section  ^ves 
detaib  of  the  consfHCUous  "New  varieties  of  fruits  and  flowers"  originated  by 
BtntBANK.  There  b  an  analyMS  of  the  simpler  methods  of  producing  what  are 
called  "new  varieties"  in  horticulture,  with  illustrations  from  some  of  Burbank's 
most  notable  achievements,  so  far  as  the  author  could  get  at  tlie  sdentiSc  side 
of  hb  performances  by  questioning.  The  general  conclusion  to  be  drawn  from 
hb  operations  b  that  combinations  of  characters  can  be  obtained  by  crosses  in 
almost  any  artHtrarily  chosen  direction  or  degree,  but  that  new  unit-characters 
are  probably  never  produced.  The  third  section  deab  with  "Hybridization 
and  selection"  as  practiced  by  BtmBANK.  The  aim  of  the  hybridizer  b  to  upset 
the  constancy  of  hb  plants  and  pmsduce  an  extreme  chaos  of  forms,  from  which 
hb  selections  may  be  made.  To  get  the  real  pedigiee  of  any  plant  in  thb  chaos 
b  impossible,  and  the  hybridizer  does  not  care,  for  he  b  only  after  the  results. 
BtJXBAKX  b  credited  with  "a  special  gift  of  judgment"  in  his  selections,  but 
hb  results  are  new  combinations  of  characters  and  not  the  production  of  new 
characters.  All  such  practical  hybridizing  and  selection  "afford  highly  valuable 
resources  for  theoretical  dbcussion,  but  on  sin^  points  they  should  not  be 
accepted  as  definite  proob,  but  only  as  indications  for  more  circumscribed  experi- 
ments." The  last  section,  entided  "Mutations  in  hortindture,"  shows  that 
most  new  horticultural  varieties  ori^nate  as  "chance  seedlings,"  many  illustra- 
tions from  Bukbank's  work  being  used  to  show  that  it  b  the  occasional  "chance 
plant"  with  some  peculiar  character  that  has  been  seized  upon  and  propagated. 
It  would  seem,  therefore,  that  mutations  in  horticulture  have  been  frequent. 

The  very  important  &fth  topic  b  "The  assodation  of  chanctets  in  plant 
breedings"  and  it  b  presented  in  five  sections.  The  first  discusses  "Assodation 
of  characters  in  natiue,"  and  shows  that  there  b  a  regular  coinddence  of  marks 
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hitherto  regarded  aa  independent  of  one  anotlieT,  as  the  assodittioii  of  the  color 
and  hairs  of  the  leaves  of  the  seedling  of  common  stock  with  double  floweis; 
of  the  characters  of  the  foliage  of  the  quince  with  the  qualities  of  the  fniil;  of  the 
form  and  hairiness  of  the  scales  of  barley  with  the  practical  qualities  of  the  gtun. 
The  author  believes  that  a  discovery  of  the  laws  governing  such  "correlations" 
may  give  us  a  certain  amount  of  power  over  them  that  will  prove  of  immettse 
[H-actical  and  experimental  importance.  The  second  section  illustrates  "Correla- 
tions in  agricultural  breeding,"  and  it  is  stated  that  "to  the  practical  breeder  it 
shows  the  way  in  nearly  all  the  burning  questions,  and  for  the  sdentisi  it  may 
give  the  solution  of  numerous  protdems  which  have  eluded  his  evolutionary  specu- 
lations for  more  than  half  a  century."  The  third  section,  entitled  "A  methodi- 
cal study  of  correlations,"  describes  in  detail  the  remarkable  system  of  records 
developed  at  Svalof  to  keep  track  of  all  the  marks  and  their  associations.  It  is 
called  "a  model  of  the  combination  of  science  and  practice."  The  fourth  section 
<^als  with  "Correlations  in  fluctuating  variability,"  and  is  a  theoretical  discus- 
sion of  (he  influence  of  external  life -conditions  on  the  phenomena  of  correlation, 
illustratiorts  being  talun  from  teratology  and  from  agricultural  [dants.'  The 
cause  of  this  parallelism  tietween  different  o^ans  is  seen  in  nutritive  factors  most 
promiiKndy,  minoroDesbeingumperature,mcasture,li^t,etc.;  and  illustrations 
are  given  to  show  bow  such  factors  wotJd  affect  several  re^ons  simultaneously. 
Thelastsectiondealswith"Unit'Chaiacters,"andisamost  fimdamental  specula- 
tion from  the  standpoint  of  evolution.  Each  or^nism  is  conceived  of  as  a  "micro- 
cosm, consisting  of  thousands  of  elementary  entities,  which  oomlnne  to  give 
it  its  form  and  function."  These  are  the  units  which  govern  and  control  the 
visible  characters  and  qualities.  The  larger  the  number  of  common  units  and  the 
smaller  the  number  of  different  units,  the  greater  wilt  be  the  affinity.  As  to  the 
mtture  of  a  "unit,"  there  are  two  points  of  view.  They  may  be  approached  by 
analyzing  the  visible  characters  and  reducing  them  to  independent  groups;  or 
there  may  be  some  invisiUe,  although  material  cause,  which  constitutes  the  real 
source  of  eadi  unit.  There  is  no  rea^n  to  assume  that  a  unit  shotJd  be  limited 
to  one  organ,  to  one  tissue,  or  to  one  cell.  A  unit  may  show  its  aaivity  in  different 
or^ns,  sometimes  even  in  almost  all  parts  of  a  plant.  This  explains  correlations 
and  "lias  overwhelming  importance  in  hybridism."  Crosses  give  insight  into 
the  nature  of  unit -characters,  showing  what  marks  belong  together,  and  dividing 
so-called  characters  into  their  constituent  imits.  When  one  unit  is  added  to  or 
subtracted  from  a  well-known  type,  the  result  is  a  mutation.  The  author  is 
impressed  with  the  idea  that  the  study  of  correlations  must  be  conducted  on  the 
broadest  possible  lines,  and  that  in  this  direction  we  shall  approach  some  definite 
knowledge  of  evolution. 

The  last  to[nc  is  "llie  geographical  distribution  of  plants"  and  b  chiefly 
an  expression  of  doubt  as  to  the  real  value  of  the  current  ideas  concerning  the 
nature  of  adaptations  of  organisms  to  their  environment.  For  example,  the  current 
view  of  desert  plants  is  that  they  are  "astonishingly  specialized  and  adapted  for 
large  refpons  where  it  is  impossible  for  other  plants  lo  thrive."    It  is  a  natural 
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inquiry,  however,  wbeCber  all  these  spedes  are  natives  of  the  desert  and  have 
acquired  their  special  characters  under  the  influence  of  their  environment.  "Is 
it  thedesertwfaichhasmade  them  what  they  are,  or  are  they  perhaps  only  a  selected 
few  from  among  tbe  widely  differentiated  forms  which  are  everywhere  abundant 
on  more  bvorable  soils  ?"  Present  distribution  is  tbe  result  of  migration,  and 
migmtion  is  directed  by  tbe  given  characters  of  the  species.  Tbe  qualities  of 
organbms  arc  tbe  causes,  and  tbe  distribution  is  tbe  result. 

Altogether,  the  book  is  full  of  pregnant  suggestions,  and  should  do  much 
toward  clearing  up  some  of  the  evident  confusion  concerning  the  views  of  the 
distinguisbed  author.^.  M.  C. 

Progrmut  Rei  Botanicae 

Genetki. — In  tbe  valuable  series  of  botanical  reviews  published  by  the 
Association  Internationale  des  Botanistes  under  the  title  Progresstu  rei  bolanicae, 
Batesom*  traces  tbe  progress  made  in  tbe  study  of  heredity  by  the  pedigree- 
method  since  tbe  rediscovery  of  Mendel's  prindi^s.  For  this  discipline, 
which  has  so  rapidly  advanced  to  a  place  of  prominence  among  the  biological 
sciences,  he  proposes  the  name  genetics. 

Tbe  expressed  object  of  the  author,  "to  give  an  account  of  the  progress 
in  the  study  of  heredity  and  variation  which  has  followed  tbe  rediscovery  of 
Meotiel's  work,"  has  been  carried  out  in  a  full  and  com{dete  way,  except  for  tbe 
notable  omission  of  all  but  a  passing  reference  to  biometrical  work,  wfaicb  has 
also  made  good  progress  during  the  same  period,  and  which  also  belongs,  at  least 
in  large  measure,  in  the  field  of  genetics.  This  omission  is  evidently  due  to  the 
desire  on  the  part  of  the  author  to  avoid  everything  of  a  controversial  nat.ire. 
Tbe  literature  of  Mendelian  heredity  is  fully  cited  and  discussed,  and  tbe  bibliog- 
raphy appended  includes  140  titles.  Certainly  no  one  could  have  been  selected 
to  present  the  side  of  genetics  represented  by  Mendelian  hybridization,  who  b 
in  position  to  speak  with  more  authority  than  Bateson,  and  this  summaiy  of  tbe 
literature  to  the  early  months  of  1906  is  of  great  value  to  all  interested  in  tbe 
general  subject. — G.  H.  SHtJLL. 

Immunity. — As  an  introduction  to  this  part,  by  R.  P.  van  Calcab,'  tbe 
fundamental  principles  of  adaptability  of  plasmodia  to  rising  o 
glucose  and  the  general  influence  of  chemotaxb  are  discussed.  The  r 
to  toxic  ferments  by  the  cells  of  some  plants,  m  consequence  of  which  the  cell 
walls  increase  in  thickness,  are  oinsidered  in  tbe  sense  of  self-defense  or  immunity. 
Similar  protective  processes  are  described  in  reference  to  bacteria.  From  these 
general  considerati  ins  the  author  proceeds  to  the  more  complex  subject  of  immun- 
ity m  of 
Meto                                                                                                                                XT 
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[dace  as  openiog  up  new  fields  of  Tcsearch  in  inununiiy.  The  spcdfidty  of  the 
phenomena  acoompanying  the  formation  of  ag^udnins  and  p»^pitins  is 
brought  to  the  attention  of  the  reader,  and  their  diagnostic  value  is  discussed 
pro  and  am.  The  crowning  theory  of  immunity,  Ehkuch's  side-chain  theory, 
is  then  taken  up  at  some  length  and  its  points  of  conuct  with  Metchntkoff's 
theory  brou^t  to  li^t. 

The  difficult  task  of  discussing  the  important  subject  of  immunity  has 
been  ably  executed  and  a  large  amount  of  information  is  given  in  this  book.  The 
author  has  done  justice  to  the  various  workers  who  have  contributed  to  the  develop- 
ment of  modem  views,  and  has  striven  to  bring  into  harmony  to  some  extent  the 
opposing  o[Hiuons  of  different  factions.  The  subject  is  much  condensed,  in 
some  instances  almost  too  mudi  so,  yet  without  seriously  interfering  with  deameas 
and  conciseness.  The  volume  is  adminiUy  suited  for  those  students  who  wish 
to  obtain  a  general  insight  Into  the  subject  without  going  into  detail.  A  complete 
list  of  the  literature  enables  the  student  to  Investigate  any  particular  subject  he 
may  be  interested  in. — P.  G.  Heineiukn. 

MINOR   NOTICES 

North  American  DredineM. — In  Part  III  of  the  first  volume  of  this  work, 
HoLWAY'  continues  his  presentation  of  Pucdnia  in  the  order  of  hosts,  conduding 
Leguminosae  and  extending  through  Halorrhagidaoeae.  The  species  numbers 
extend  from  84  to  lao,  induding  three  new  species  on  Sidalcea,  Viola,  and  Bois- 
duvalia.  The  dear  text  and  the  excellent  [dates  reproducing  photomicrographs 
of  the  spores  make  this  monograph  most  attractive  in  appearance. — J.  M.  C. 

Acta  Horti  Bergiani. — The  fourth  volume  of  this  series,*  under  the  editor- 
ship of  WiTTROCK,  b  dedicated  to  the  bicentenary  of  Linnaetts.  It  contains 
seven  papers,  illustrated  by  34  i^ates,  many  of  them  handsomely  colored,  and 
176  text  figures,  and  deals  chiefly  with  forms  under  cultivation  in  the  Bergian 
garden.  Vett  B.  WrmoCK  (pp.  3a)  gives  an  accotmt  of  the  life  and  work  of 
Linnaeus,  illustrated  by  three  portraits.  H.  Dahlstedt  (pp.  33.  pis.  2.  jigs.  8) 
^ves  an  account  of  seven  new  species  of  Taraxacum  under  cultivadon.  Nils  Syl- 
ven  (pp.  8.  pi.  t)  describes  two  Senedo  hybrids.  S.  Aluqdist  (pp.  88.  pi.  i. 
figs.  84)  describes  numerous  forms  of  Rosa,  many  of  them  called  mutations. 
Gosr.  O.  A:n  Malxe  (pp.  16,  fdi.  4)  describes  forms  of  Vieloria  enuiana. 
Ernst  Auignsr  (pp.  91.  figs.  66)  describes  and  illustiates  a  surprising  number 
of  elementary  species  of  CapstUa  Bursa-pastoris.  Veit  B.  Wittbock  (pp.  187. 
pis.  I  J.  figs.  18)  shows  that  Linmua  borealis  is  an  exceedin^y  piolymorphic  and 
potychromic  species,  the  latter  fact  appealing  stiikin^y  to  the  eye  in  the  ci^t 
handsomely  colored  double  [dates,  nearly  150  new  forms  being  described. — J.  M.  C. 

s  HoLWAY,  E.  W.  D„  North  American  Uredineae.  Vol.  I,  Part  III.  fdi.  24-36. 
Minneapolis,  Minn.     1907. 

4  Kungl.   Svenska  Vetenskaps-Akademiens   Ti^dg&rd   Becijeluad.    Stockholm. 
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NOTES    FOR    STUDENTS 

Recent  aiiatomical  papen. — A  very  detailed  account  of  the  leaf  structure  of 
American  Lauraceae  has  been  given  by  Petzold,'  bis  purpose  having  been  to 
establish  at  least  generic  anatomical  characters.  The  leaf  structure,  however, 
proves  to  be  quite  unifonn,  and  generic  distinctions  are  not  feasible.  For 
example,  a  concentric  structure  is  characteristic  of  Silvia,  but  occurs  also  in  a  few 
species  of  Phoebe  and  Nectandra;  a  hypoderm  is  developed  in  Cryptocarya  and 
Hufelandia,  but  also  in  some  species  of  Ocotea,  Persea,  and  other  genera;  a 
dosed  sheath  of  stereome  surrounds  the  veins  constantly  in  some  genera,  but  not 
io  others;  crystals  of  calcium  oxalate,  otherwise  so  frequent  in  this  family,  do  not 
occur  in  Lindeia  and  Dicypellium,  but  they  are  also  absent  in  several  species  of 
other  genera.  The  paper  is  a  welcome  contribution  to  the  knowledge  of  the 
anatomy  of  these  plants,  even  if  no  generic  characterization  seems  possible. 

The  structure  of  leaves,  seeds,  and  pollen  of  Polemoniaceae  have  been 
examined  by  HIIller,'  his  material  including  a  large  number  of  American 
spedes.  It  deserves  mention  that  calcium  oxalate  was  detected  in  certain 
species  of  Collomia  and  Gilia  as  sin^e  crystals,  and  as  druids  in  the  monotypic 
Bonplandia.  The  stomata  were  always  observed  to  lack  subsidiary  cells,  thus 
agreeing  with  the  type  of  Ranunculaoeae.  Trichomes  as  covering-hairs  and  as 
^ndular  hairs  are  very  common,  representing  several  characteristic  forms.  In  the 
midrib  of  Phlox  Drvmmondii  and  various  spedes  of  Gilia,  the  mestome  strand 
contains  two  or  sometimes  several  groups  of  kptome. 

In  regard  to  the  structure  of  the  seed  coat,  Phlox  b  the  only  genus  in  which  the 
epidermis  contains  mucilage  only  in  the  outer  wall  beneath  the  cuticle.  The 
peculiar  spirals  of  cellulose  were  noticed  in  most  species  of  all  genera  except 
Phlox.  Inside  the  epidermis  there  are  usually  some  strata  of  compressed  tissue 
and  a  pigment  layer;  but  in  Cobaea  a  fourth  tissue  was  absent,  namely,  woody 
parenchyma  beneath  the  epidermis.  The  nutritive  tissue,  which  is  relatively 
sparingly  developed,  contains  oil  and  aleurone. 

The  pollen  grains  are  ^bose  or  elliptic,  and  the  ezine  is  never  smooth,  but 
covered  with  protuberances  in  the  shape  of  ridges  or  granules  in  numberless 
variations.  There  are  always  more  than  three  geim-pores,  from  four  to  many, 
and  in  some  cases  scattered  irregularly  over  the  surface.  Although  the  author 
had  to  depend  upon  dried  specimens,  the  results  are  nevertheless  quite  interesting 
and  of  importance  to  systematic  anatomy.  However,  a  study  of  fresh  material, 
induding  the  stem  and  root,  would  be  highly  desirable. 

Porty-tbiee  species  of  Meliosma  (Sabiaceae)  have  been  examined  by 
DiHU.'    T^e  palisade  tissue  is  very  characteristic  in  representing  a  modiBcation 
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of  Haberlandt's  "ann  palisade  parenchyma,"  differing  from  it  in  the  several 
arms  or  branches  being  borne  upon  a  larger  basal  eel).  This  peculiar  modifica- 
tion is  called  by  the  author  "coralloid  palisade  parenchyma,"  and  b  known  only 
in  Meliosma.  The  pneumatic  tissue  is  often  veiy  open  and  passes  insensibly 
into  the  palisade  tissue;  and  it  appears  as  if  the  chlorenchmya  mi^t  be  com- 
posed merely  of  pneumatic  tissue  modified  somewhat  on  the  upper  face  of  the 
leaf-blade.  Calcium  oimlate  occurs  in  all  the  species  of  Meliosma,  and  mostly  as 
druids;  ^obose  conglomerations,  however,  were  also  observed  in  some  few 
apecies.^THEO.  Houi. 

Origin  of  the  jMsts.-^The  problem  of  the  autonomy  of  the  groupofSaccharo- 
myoes  has  been  reopened  by  the  researches  of  Vula  and  Pacottet.*  In  two 
ascomyoetes,  Gloeosponum  ampdofkagum,  the  anthtacnose  of  the  grape,  and 
G.  nervisequuitt,  the  anthracnose  of  the  plane-tree,  they  have  found  a  complex 
polymorphism,  the  most  striking  feature  of  which  is  the  presence  of  conidia 
capable  of  budding  in  yeast-like  fashion  and  of  forming  endospores  in  cysts, 
like  yeasts,  but  which  are  produced  from  the  true  ascomycete  mycelium.  Other 
fungi,  such  as  the  Mucorineae,  Ustilagineae,  etc.,  bud  m  this  fashion  also,  but 
the  formation  of  endospores  was  regarded  by  Hansen  as  a  certain  characteristic 
of  true  yeasts.  If  these  observations  of  Viala  ind  Pacottet  are  correct,  they 
would  seem  to  indicate  that  what  are  known  as  yeasts  may  only  be  forms  of 
polymorphic  ascomycetes. 

Gdhxieuiond,'' in  reviewing  this  work,  grants  thatthere  may  be  such  fonns, 
but  strongly  suspects  that  the  cultures  were  impure  and  contained  not  only  the 
Gloeosponum  but  also  a  yeast  living  with  it.  The  most  experienced  observers 
have  been  ted  into  errors  from  this  same  cause.  In  defense  of  the  autonomy  of  the 
Saccfaaromyoetes  and  at  the  same  time  of  the  interpretation  of  the  cyst  producing 
endospores  as  an  ascus,  GuiLUEmio>iD">  gives  a  general  review  of  the  yeast 
situation.  The  extended  work  of  Hansen  and  hb  students  has  made  it  hi^y 
improbable  that  our  industrial  yeasts  could  ever  revert  to  the  mycelial  condition, 
that  b,  their  characters  have  become  so  fixed  that  now  they  form  an  independent 
and  dbtinct  group  of  the  ascomycetes.  The  conjugations  in  such  yeasts  as 
Zygosaccharomyces  Barken  and  Schisosacckaromyces  oclosponts,  as  they  have  been 
observed  by  Barker"  and  GtnujERUOND,  is  the  strongest  reason  for  consider- 
ing the  resulting  product  as  an  ascus.  This  conjugation,  with  its  fusion  of  nuclei 
and  subsequent  division  into  endospores,  b  regarded  by  GinLUERHOND  as  the 
equivalent  of  the  fusion  of  the  two  nuclei  in  the  ascus  and  the  formatbn  of  tsco- 
spores.     It  b  true  that  a  majority  of  the  yeasts  do  not  show  thb  conjugation,  but 


^  Viala  et  Pacottet,  Compt.  Rend.  Acad.  Sci.  Paris  143:458-461.   1906. 

V  GuiLLiERUOND,  A.,  A  pTopos  de  I'ori^e  des  levurcs.      Ann.  Mycol.  5:49-69. 

>°  GuiLUERMOND,  A.,  Rev.  G&i.  Bot.  t7:337-376  pis  6-g    1905. 

■'  Barker,  Phil.  Tran<i.  Roy.  Soc.  London  B.  t94:467-4S5.  pi.  ^.  1901. 
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thb  may  be  due  to  the  fiict  that  they  have  become  parthenogenetic.  The  con- 
jugatioQ  observed  ja  Stuckaromyeodes  Ludmigii  by  GtriLUEUiOND,  where  the 
endospores  conjugate  before  germination,  may  be  only  a  secondary  development 
introduced  into  parthenogenetic  forms  as  a  means  of  recuperation.  "The  exist- 
ence of  the  conjugation  preceding  sporulation,  coupled  with  the  cytological  char- 
acter of  the  sporange,  demonstrate  in  an  evident  manner  the  ascogenous  natute 
of  this  organ,  and  one  ought  to  consider  with  Hansen  that  the  Saccbaromyces  con- 
stitute an  autonomous  group  belonging  to  the  Ascomycetes  and  near  to  the 
Ejtoascaceae."— B.  F.  LrruAN. 

Heredity  in  micro-organiuii. — Working  with  the  yeast  Saccharomycts  anomalus 
and  the  bacteria  B.  eoli-communis,  B.  typhosus,  and  B.  megalherium,  Barber" 
has  extended  tlie  mvestigations  of  Hanson,  Beijerinck,  Conn,  Mayer,  and 
others  on  such  variation  as  may  arise  spontaneously  from  cells  which  vary  inde- 
pendently of  environment.  The  cells  chosen  were  those  showing  a  morphological 
difference  from  the  parent,  and  the  new  races  of  descendants  were  tested  further 
for  biochemical  differences.  The  problem  of  isolation  was  thus  a  much  more 
difficult  one  than  that  of  selection  of  bacterial  "sports"  in  mass  with  physiological 
differences,  such  as  that  of  a  white  colony  among  red  pigmented  ones.  Barbek 
devised  and  describes  an  ingenious  method  for  isolating  single  varying  cells 
from  a  hanging  drop  under  the  microscope  by  means  of  a  capillary  tube,  with 
apparatus  for  holding  and  adjusting  it  under  the  lens.  A  sin{^e  cell  drawn  into 
this  could  be  discharged  into  another  hanging  drop,  i^ced  in  a  sealed  moist 
chamber,  and  its  development  and  descendants  watched  for  as  many  generations 
as  teoessary.  With  the  yeast  Barber  obtained  in  this  way  new  races  whose 
morphological  characters  (large,  long  cells)  persbted  over  three  years,  such  a  new 
race  successfully  competing  with  the  parent  stock  when  mixed  with  it  in  culture. 
Attempts  to  further  modify  the  race  by  selection  failed.  Much  the  same  results 
were  obtained  with  the  bacteria.  These  varieties  were  true  mutations,  appearing 
suddenly  with  full-fledged  characters,  apparently  independent  of  natural  selection 
and  comparable  with  sports  among  multicellular  organisms.  If  physiological 
characters  are  correlated  with  morphological,  as  in  the  case  of  increased  power  of 
fermentation  of  one  of  Barber's  races  of  B.  colt,  it  seems  probable  that  mutation 
may  be  a  factor  in  the  origin  of  increased  virulence  of  some  pathogenic  bacteria. — 
Marv  Heffekan. 

Potition  of  the  nucleus. — ^KI^ster'^  has  made  a  rather  extensive  series  of 
observations  upon  tl 
and  the  formation  < 
LANDT,  especially  h 
stomatal  apparatus, 

■■  Babbeb,  Mai 
Univ.  Sci.  BuU.  4:3 

'3  KOSTER,    ERM 

wacbslum  und  Mem 


■jGoogle 


156  BOTANICAL  GAZETTE  [augcst 

While  KUsTGB  confiims  Habbblanot's  observations  that  the  nuckus  is  usually 
near  the  tip  of  the  rhizoid  in  many  plants,  he  finds  that  in  Hydrochofis  morsus- 
ranae,  and  in  nuuiy  other  plants  of  similar  habitat,  the  nucleus  is  just  as  constantly 
at  the  base  of  the  root  hair.  The  suggestion  is  made  that  the  position  of  the 
nucleus  m  root  hairs  may  be  a  result  of  growth  tather  than  a  cause  of  it,  or  the 
position  may  be  due  to  unknown  factors. 

In  regard  to  the  position  of  nuclei  in  the  stomatal  apparatus,  Rt^TES  is 
inclined  to  believe  that  the  position  of  the  nuclei  of  the  nei^boring  cells  is  not 
related  to  the  development  of  the  guard  cells,  but  rather  that  the  position  near 
the  concave  wall  is  due  to  physical  factors  which  favor  or  compel  this  position. 
In  many  [dants,  like  Osmtmda  regalis,  when  the  neighboring  cells  are  not  crescent- 
shaped,  the  nuclei  are  not  situated  near  the  waUs. 

Although  KttSTEK  agrees  with  Habeklandi  that  the  nucleus  is  often  found 
at  the  place  where  local  thickenings  of  the  cell  wall  are  taking  place,  he  also  finds 
other  instances  where  the  nucleus  b  not  so  situated. 

In  these  three  classesof  phenomena,  KIJstek regards Haberlandt's exfdana- 
tions  as  teleological.  He  himself,  however,  is  not  able  to  find  a  satisfaaory 
explanation  for  the  varying  position  of  nuclei  and  be  believes  that  the  faaois 
which  determine  it  have  not  yet  been  discovered. — Csables  J.  Chahberijun. 

Items  of  tuonomic  interest. — J.  N.  Rose  (Smitbson.  Quarterly  50:33. 
1907)  has  made  additions  to  his  synopsis  of  the  Mexican  species  of  Ribes  and 
has  described  a  new  species;  has  proposed,  in  connection  with  J.  H.  Painteb 
(idem  33-34),  the  new  generic  name  MorkiUia  for  Chilonia  Mof.  and  Sess£ 
(Zygophyllaceae),  which  is  a  homonym  of  Chilonia  D.  Don.;  and  has  described 
{idem  63-64.  pi.  6)  a.  new  Cactus  from  Guatemala,  a  species  of  the  Melocaaus 
type,  to  which  he  proposes  to  shift  the  pineric  name  Cactus.— N.  Patouillard 
(Bull.  Soc.  Mycol.  France  13:50-53.  1907)  has  described  a  new  genus  (Le 
Ratio)  of  hymeno^ters  from  New  Caledonia. — H.  Hakus  (Bot.  Jahrb.  40: 15-44. 
1907),  in  his  fourth  paper  on  African  Leguminosae,  has  described  a  new 
genus,  Engkrodendran. — R.  Hamet  (Bull.  Soc  Bot.  France  54:26-38,  5a-76. 
pi.  X.  1907)  has  published  a  synopsis  of  the  genus  Drosera,  recognizing  65  species, 
setting  aside  4  as  insuffidendy  known,  and  excluding  7. — S.  Brown  (Torreya 
7: 135, 116.  1907)  has  described  a  new  spruce  (Picea  atberUtma)  from  the  Canad- 
ian Rocky  Mts.,  which  had  been  referred  to  both  P.  canadensis  and  P.  mariana. — 
A.  Zablbkuckner  (Ann.  K.  K.  Naturh.  Hofmus.  30:350.  1907),  in  centuries 
xii  and  xiii  of  his  Kryptogamae  exsiccatae,  publishes  a  new  lichen  (Rinodina 
iowensis)  from  granite  roclu  near  Fayette,  Iowa. — J.  M.  C. 

Vegetation  in  Somerset,  England. — Following  the  lead  of  the  late  Robert 
SuiH,  vegetation  maps  are  multiplying  in  England.  The  latest  is  that  of  the 
Bath  and  Bridgewaier  district  of  Somerset,  and  b  the  work  of  C.  E.  Moss." 

'•  Moss,  C.  E.,  Geographical  distribution  of  vegetation  in  SomeiseC  Bath  and 
Bridgewater District.  Putil.  Roy.  Geog.  Soc.  London,  pp.  'Ji.fig1.24.  colortd  map. 
1907. 


>v  Google 


1907]  CURRENT  LITERATURE  157 

The  lowlands  area  is  presented  under  the  following  formations:  dune,  muddy 
salt  marsh,  rocky  headlands,  aquatic,  and  peat  moor.  The  section  given  to  a 
consideration  of  the  upland  area  contains  an  account  of  the  plant  fonnations  of 
the  sandstones,  the  limestones,  the  deep  marls  and  days,  and  the  region  of  culti- 
vation. The  history  of  the  [Jant  formations  is  traced,  it  being  shown  that  a 
plant  fortnation  begins  as  an  open  or  unstable  association,  passes  through  inter- 
mediate associations,  and  eventually  becomes  a  closed  or  stable  association.  For 
example,  [he  dune  fonnation  in  this  region  begins  as  att  open  association,  either 
of  strand  plants,  or  of  Agropyrtm  junceum,  or  of  AmmopkUa  antmUimcea,  and 
only  readies  the  intermediate  assodatioDs  of  dune  pasture  plants  or  of  dune  marsh 
plants.  The  fonnation  of  the  muddy  salt  marshes  begins  as  an  open  association 
of  Salicomia,  and,  after  reaching  an  intennediate  association  of  halopbilous  plants, 
the  salt  marshes  are  reclaimed.  The  author  condudes  that  in  a  small  area,  like 
England,  the  plant  associations  are  detemuned  much  more  by  edapbic  hctoia 
than  by  dimatic  conditions. — J.  M.  C. 

Toxicity  of  Mlutioni. — To  determine  if  the  fiict  discovered  by  NXceii,  that 
insoluble  solid  substances  placed  in  poisonous  solutions  in  which  algae  are  grow- 
ing reduce  the  toxidty  of  the  solutions,  holds  also  for  fungi.  Miss  Fitch"  has 
investigated  the  action  of  insoluble  substances  upon  media  in  which  fungi  were 
grown.  Penidllium  and  Aspergillus  were  grown  in  pure  cultures  in  beet  decoction, 
in  prune  decoction,  and  in  bouillon  to  which  sulfuric  add  had  been  added,  making 
concentrations  of  n/4,  n/8,  »/i6, 1/33, 1/64,  and  it/ii8.  It  was  found  that  such 
substances  as  ^assindifferentdegreesof  fineness,  sand,  and  filter  paper  reduce  the 
degree  of  toxidty  of  the  poisonous  solutions.  For  example,  in  cultures  of  Aspergil- 
lus in  beet  decoction,  n/64  and  n/i38H,S04  showed  stimulation,  while  «/33  was 
near  the  border  line  of  beginning  toxidty;  but  with  the  addition  of  ^ass  n/33 
showed  the  greatest  stimulation  of  growth  of  the  series,  and  a  concentration  as  high 
as  n/i6  still  showed  marked  stimulation.  All  other  experiments  showed  results 
of  the  same  nature,  thus  establishing  the  fact  that  the  prindple  of  NXgeli  holds 
in  this  case,  as  it  has  been  shown  to  hold  for  flowering  plants.  Such  results  were 
to  be  expected,  since  the  modifying  action  of  the  solid  substances  b  exerted  on 
the  solution  and  not  on  the  organisms  growing  therein. — H.  HasselbrinG. 

Glycogen  and  tporulation  in  yeast. — Kohl''  finds  that  glycogen  is  more 
abundant  in  actively  budding  cells  of  Saecharomyces  cerevisiae  which  he  examined 
than  it  is  in  the  resting  cells.  In  view  of  this  fact  he  believes  that  glycogen  is  not 
exdusively  a  reserve  product,  but  that  it  represents  an  intermediate  product  in 
the  formation  of  alcohol  from  sugar.  He  suggests  that  glycogen  is  broken  down 
to  glucose  and  isomaltose,  which  undergo  splitting  into  alcohol  and  CO,  by  the 
action  of  zymase,  and  that  the  hexoses  consequently  first  undergo  transformation 

>J  Fitch,  Rdbv.  The  action  of  insoluble 
deleterious  agents  upon  the  fungi.     Ann.  M} 

'<•  Kohl,  F.  G.,  Ueber  das  Glykogen  uni 
tion  der  Hefe.     Ber.  Deutsch.  Bot.  GescUs.  15 
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into  glycogen  in  the  process  of  alcoholic  fennent&tioii.  In  other  fungi  also 
Kohl  finds  that  glycogen  is  not  primarily  a  storage  product;  it  does  not  aj^iear 
in  the  spores  of  the  Muoorales  nor  in  sclerotia  until  germination  or  growth  has 
begun.  In  the  same  paper  Rohl  gives  some  preliminary  observations  on  the 
sponilation  in  yeast.  The  young  spores  are  frequendy  surrounded  by  fatty 
substances  in  the  early  stages  of  formation.  The  nucleus  divides  amitotically 
both  in  budding  and  in  spore  formation,  and  one  to  four  spores  are  fonned. 
In  the  first  case  the  oell  nucleus  becomes  the  spore  nucleus  directly.  Often  a 
nucleus  which  does  not  produce  a  spore  remains  in  the  cytoplasm  of  the  mother 
cell  after  the  spores  are  formed. — H.  Hasselbking. 

Supernumerary  pollen  grains  of  Fuclitia. — Beek"  has  investigated  Fuchsia, 
whose  pollen  mother  cells  are  recorded  as  producing  five  to  fourteen  micro- 
spores. He  found  frequently  six  to  ten  microspores  within  a  sin^  cell,  and  a 
study  of  the  nuclear  divisions  led  to  the  conclusion  that  these  high  numbers  are 
due  to  the  occurrence  of  irregularities  in  the  dbtribution  of  the  chromosomes  during 
anaphase,  as  described  by  Juel  for  Hemerocallb.  The  chromosomes  move  very 
unevenly  toward  the  poks,  and  some,  either  singly  or  in  groups,  lag  behind  and 
often  become  cut  off  entirely  from  the  two  main  chromosome  groups.  Usually 
these  separated  chromosomes  give  rise  to  distina  nuclei,  which  vary  in  siw  accord- 
ing to  the  number  of  chromosomes  they  contain.  During  ttie  second  division  the 
small  as  well  as  the  large  nuclei  produce  distina  spindles  and  divide.  The 
second  division  is  much  more  regular  than  the  first,  and  no  supernumerary  nudei 
were  observed  to  originate  at  this  stage.  The  small  pollen  grains  are  as  definitely 
organized  as  the  large  ones,  so  far  as  the  usual  walls  and  their  composition  are 
concerned. — J.  M.  C. 

Embryo  sac  of  Peperomia. — Johnson''  has  discovered  in  a  delicate,  shade- 
loving,  Jamaican  species  of  Peperomia  {P.  hispidtda)  an  interesting  variation  of 
the  well-known  situation  in  P.  ptUudda,  There  is  a  single  hypodermal  arche- 
sporial  cell,  which  cuts  o&  a  tapetal  cell.  The  mother  cell  develops  the  embryo 
sac  directly,  the  first  four  free  nuclei  being  "arranged  m  a  perfect  tetrad."  At 
the  next  division  a  distinct  polarity  is  developed,  two  nudei  passing  to  the  micropy- 
lar  end  of  the  sac,  and  the  other  six  grouping  at  the  antipodal  end.  At  the  next 
divbion  the  Peperomia  condition  of  sixteen  free  nudei  b  reached,  four  being 
micropylar  and  twelve  antipodal.  A  well-defined  egg  and  one  synergid  are 
organized,  the  two  remaining  micropylar  nudei  passing  toward  the  center  of  the 
■  sac,  where  they  encounter  the  twelve  antipodal  nuclei.  The  whole  group  of 
fourteen  nudei  fuses  into  one  great  fusion  nudeus.  The  division  of  thb  fusion 
nucleus  b  accompanied  by  wall -format  ion,  and  an  endosperm  tissue  of  about 
forty  celb  b  developed. — J.  M.  C. 


"  Beeh,  Rudolf,  The  supernumerary  pollen  grains  of  Fuchsia.  Annals  ol 
Botany  llljoj-jo;.   1907, 

'*  JoH-JSON,  D.  S.,  A  new  type  of  embryo  sac  in  Peperomia.  Johns  Hopkins 
Univ.  Circ.  livj-.no.  3.  iifji.  pts.  5-6. 
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Infliunce  of  azteniAl  conditloni  on  geotropic  naponM. — A  timely  paper  by 
Bach'*  records  some  valuable  conclusions,  of  which  perhaps  the  most  important 
b  that  the  length  of  the  reaction  time  cannot  be  used  as  a  measure  of  the  amount 
of  stimulation.  The  minimum  presentation  time  found  in  a  variety  of  species 
was  two  minutes,  as  compared  with  fifteen  minutes  found  by  Czapek.  Czapek's 
figure  has  thus  far  been  widely  accepted,  but  the  lower  values  of  the  author  are 
apparently  good.  The  length  of  the  plant  b  a  factor  if  the  plant  is  less  than 
medium,  in  which  case  the  reaction-time  is  lengthened.  Temperature  is  a  patent 
factor,  even  variations  of  14-35°.  Such  variations  have  been  regarded  by  Czapek 
as  impotent,  but  the  opinion  was  based  on  the  behavior  of  different  material. 
Either  regular  or  irregular  shaking  are  indifferent  factors.  Other  important  con- 
ditions tried  were  duration  of  stimulation,  centrifugal  force,  positional  deviations. 
The  paper  shows  the  guiding  hand  of  Fitting,  whose  service  is  acknowledged. 
— Rayuond  H.  Pond. 

Young  sporophytM  of  Lycopodium.— Miss  Wigglesworth'°  has  investi- 
gated the  structure  of  sporelings  of  L.  complanatum  and  L,  clavatutn,  the  material 
being  obtained  from  Dr.  Bsuchmann  and  consbting  of  two  sporophytes  of  each 
species.  The  first  root  may  show  monarch,  diarch,  and  triarch  arrangement  in 
the  same  plantlet,  the  phloem  occupying  the  center  of  the  stele  and  extending 
between  the  itylem  groups  to  its  periphery.  The  roots  arise  endogenously  near 
the  apex  of  the  stem  and  either  pass  out  directly  or  downward  through  the  cortex. 
At  the  base  of  the  stem  the  vascular  strands  are  continuous  with  those  of  the  first 
root,  and  a  fusion  of  two  or  of  all  three  of  the  xylem  strands  occurs.  The  xylem 
strands  take  a  very  irregular  course,  fusing  with  one  another  and  subdividing  m 
the  lower  part  of  the  stem.  The  upper  part  of  the  stem  shows  a  triarch  or  tetrarch 
arrangement  of  xylem  with  central  metaxylem,  generally  connected  with  two  or 
more  groups  of  protoxylem.— J,  M.  C. 

Embryology  of  Rhrtidophyllum. — Cook"  has  investigated  the  embryology 
of  Rhytidaphyllum  (£.  crenulaium  and  R.  tomeniosum),  a  genus  of  Gesneriaceae, 
the  material  being  Cuban.  The  ovulate  archesporium  b  a  single  hypodermal 
cell,  which  usually  functions  directly  as  a  megaspore.  The  embryogeny  b  of 
the  well-known  Capsella  type,  differing  only  in  certain  features  of  dennatogen- 
formation  and  in  the  contributions  of  the  hypophysis.  The  embryo  encroaches 
upon  both  endospenn  and  nuoellus,  and  in  the  mature  seed  b  invested  only  by 
the  integuments. — J.  M.  C. 

'»  Bach,  Helvricb.  Ueber  die  Abhangigkeit  der  geotropbchen  Prasentations- 
und  Reaktionszeit  von  verschiedenen  fiusseren  Faktoren.  Jahrb.  Wiss.  Boi.  44:57- 
123.  1907. 

"  Wiggles  WORTH,  Grace,  The  young  sporophytes  of  Lycopodium  complanalum 
and  Lycepodium  clavaium.     Annals  of  Botany  3i:iii-]]4,  pi,  22.  1907. 

"  Cook,  Melville  T.,  The  embryology  of  Rhytidophyllum.  Bull.  Ton.  Bot. 
Club  34:179-184.    pi.  to.     1907. 
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Professor  F.  H.  Billings  of  the  Loui^nti  SUte  University  has  been 
appointed  assistant  professor  of  Botany  in  the  University  of  Kansas. 

A  SHORT  SKETCH  of  the  late  Maxwell  T,  Masters,  with  portrait,  written  by 
James  Britten,  is  published  in  Jowaai  oj  Botany  45:257-358.  1907. 

Dr.  E,  B.  Copeland  declined  the  announced  appoiDtment  at  the  University 
of  West  Virginia  and  immediately  returned  to  hb  post  io  the  Philippines. 

Professor  FxANas  E.  Lloyd  has  been  appointed  chief  botanbt  to  the 
Intercontinental  Rubber  Company.  Professor  Lloyd's  address  will  for  the 
present  be  Tonreon,  Mexico. 

Dr.  Hermann  von  Schhenk  has  resigned  from  the  U.  S.  Department  of 
Agriculture,  and  has  opened  an  office  as  consulting  timber  engineer  Kt  St.  Louis. 
He  has  been  appointed  also  pathobgist  of  the  Missouri  Botanical  Garden. 

It  is  proposed  to  erect  a  memorial  to  the  late  Professor  Leo  Ekreba  of  the 
University  of  Brussels.  American  botanists  who  wish  to  rontribute  are  requested 
to  send  their  subscriptions  to  M.  J.  Massart,  44  rue  Albert  de  la  Tour,  Brussels. 
Dr.  Fritz  Noll,  professor  of  botany  in  the  Agricultural  College  at  Poppels- 
dorf  and  assistant  professor  of  botany  in  the  University  of  Ek)nn,  has  been 
appointed  professor  of  botany  and  director  of  the  botanic  garden  at  the 
University  of  Halle. 

A  NEW  quarterly  journal  has  been  announced  by  Williams  and  Norgate 
(14,  Henrietta  Street,  Convent  Garden,  London  W.  C),  bearing  the  name  Rivista 
di  Scienta.  It  is  to  be  "an  international  review  of  scientific  synthesis,"  the  desire 
being  "to  oxtrdinate  the  work  carried  on  in  different  fields  of  knowledge."  It 
wiU  be  issued  In  two  editions:  an  international  edition,  in  which  each  article  will 
appear  in  the  language  of  the  author;  and  an  Italian  edition,  in  which  the  German 
and  English  articles  will  be  transited.  In  the  list  of  writers  for  the  first  numbers 
the  names  of  the  following  botanists  appear:  Darwin,  Haberlandt,  Pikotta, 
SoLLA,  Wettstein,  and  Wiesner.    The  subscription  price  is  30  shillings. 
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In  the  alluring  search  for  primitive  monocotyledons  which  shall 
throw  light  on  the  vexed  question  of  the  origin  of  the  group,  the  Helo- 
biae  have  received  much  attention,  including  as  they  do  such  a  wide 
range  of  forms,  reaching  from  great  simplicity  to  considerable  com- 
plexity. It  is  generally  agreed  that  those  monocotyledons  which 
possess  a  stocky  rhizome  or  bulb  have  reached  a  degree  of  specializa- 
tion which  renders  them  less  favorable  for  a  study  of  primitive  feat- 
ures than  are  the  forms  which  have  a  more  elongated  axis  showing 
distinct  nodes  and  intemodes.  The  Potamogetonaceae  are  prevail- 
ingly of  the  latter  class,  and  the  genus  Potamogeton  has  been  con- 
sidered by  ScHENCK  (27)  and  others  to  represent  a  number  of  stages 
in  the  evolution  of  aquatic  monocotyledons  from  ancestors  which 
inhabited  marshy  ground.  It  has  been  more  than  once  suggested 
that  the  monocotyledons  have  been  derived  from  dicotyledonous  ances- 
tors through  adaptation  to  an  amphibious  mode  of  life,  so  that  the 
genus  Potamogeton  deserves  study  from  all  standpoints.  A  quite 
different  view  of  the  origin  of  monocotyledons  has  been  proposed  by 
Campbell  (3),  who  seeks  to  link  the  group  with  heterosporous  Fili- 
cineac,  especially  Isoetaceae,  through  such  forms  as  Naias. 

It  is  proposed  in  the  present  paf)er  to  discuss  certain  features  of 

the  structure  of  Potamogeton  which  have  apparently  been  overlooked, 

'  Contributions  from   the   Phanerogamic   Laboratories  of   Harvard   Univcisily, 
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but  which  seem  to  be  significant  from  the  standpoint  of  phylogeny; 
also  to  bring  together  the  salient  points  concerning  the  structure  of 
the  other  genera  of  the  family,  so  that  if  possible  their  relationships 
may  be  worked  out.  A  few  genera  belonging  to  allied  families  have 
been  included  in  the  account. 

I  wish  here  to  record  my  obligations  to  the  following,  who  have 
very  kindly  supplied  me  with  material;  Professors  G.  F.  Atkinson 
and  W.  W.  Rowlee  and  Mr.  H.  H.  Smith,  of  Cornell  University, 
Mr.  H.  H.  Bartlett  of  the  Gray  Herbarium,  Mr.  J.  G.  Hall  of  the 
North  Carolina  Experiment  Station,  Mr.  A.  Jeffrey  of  Toronto,  Dr. 
R.  G.  Leavitt  and  Mr.  A.  A.  Eaton  of  the  Ames  Botanical  Labora- 
tory, Mr.  C.  P.  Smith  of  Carmel  Bay,  Cal.,  and  especially  to  Professor 
M.  L,  Fernald  of  the  Gray  Herbarium,  who  has  been  kind  enough 
to  determine  most  of  the  species  employed  in  the  research, 

Potamogetonaceae 

In  this  family  the  following  genera  have  been  accessible  for  study 
from  preserved  material:  Potamogeton  {thirteen  species),  Ruppia, 
Zostera,  Phyllospadix,  Cymodocea,  Zannichellia.  Celloidin  was 
found  to  be  the  most  favorable  imbedding  material  for  all  except  the 
smallest  forms,  for  which  paraffin  was  used.  Serial  sections  through 
the  nodes  and  other  critical  regions  were  in  all  cases  studied. 

POTAMOGETON 

The  leafy  shoot. — The  mode  of  origin  of  this  member  has  been 
carefully  worked  out  by  Irmisch  (12),  who  distinguishes  between 
main  shoots  and  reserve  shoots.  The  internal  structure  of  the  upper 
intcmodes  of  such  shoots  varies  somewhat  widely  in  the  different 
species,  and  upon  the  basis  of  the  characteristics  as  revealed  by  a 
cross-section,  together  with  the  leaf  structure,  Raunkiaer  (21)  has 
proposed  a  classification  of  the  species  and  devised  a  convenient  key. 
The  differences  between  the  species  consist  in  the  presence  or  absence 
of  cortical  bundles,  and  in  the  degree  of  union  of  the  strands  which 
compose  the  vascular  part  of  the  central  cylinder.  Fig.  11  shows  at 
low  magnification  the  structures  occurring  slightly  above  one  of  the 
upper  nodes  of  the  leafy  shoots.  At  the  upper  side  of  the  figure  is  the 
section  of  the  petiole  with  its  median  and  lateral  traces.     Below  this 
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are  the  two  fused  stipules,  sheathing  the  stem;  their  main  bundles  are 
barely  visible  at  this  magnification,  but  are  situated  at  the  angular 
swellings.  Between  the  stipules  and  the  stem  is  an  axillary  bud.  The 
stem  shows  the  lacunar  cortex  characteristic  of  aquatics,  and  a  well; 
developed  central  cylinder.  Fig.  13  shows  certain  of  these  features 
more  clearly,  and  also  makes  visible  the  numerous  cortical  strands 
which  lie  in  the  angles  of  the  meshes. 

Since  the  cx>urse  of  the  leaf  traces  furnishes  a  key  to  the  structure 
of  the  internodai  stele,  it  is  proposed  to  describe  the  course  of  the 
bundles  in  a  well-developed  species,  P.  natans.  Stated  briefly,  the 
seven  or  more  leaf  traces  shown  in  fig.  11  fuse  to  form  three,  which 
enter  the  central  cylinder,  pass  down  through  one  intemode  sepa- 
rately at  the  periphery  of  the  central  cylinder  (see  DeBasy  7,  p.  270,), 
then  approach  one  another,  pass  down  through  a  second  intemode  in 
the  form  of  what  may  be  styled  a  "trio"  of  bundles,  and  at  the  third 
node  become  indistinguishable  on  account  of  union  with  the  bundles 
of  the  central  cylinder.  Since  the  leaves  are  arranged  alternately  in 
two  vertical  rows,  there  are  two  groups  of  leaf  trace  bundles  in  the 
cross-section  of  any  intemode.  This  is  illustrated  in  fig.  14,  which 
will  be  rendered  clear  by  the  following  diagram  (fig.  i),  in  which 
(,,  T,,  f,  represent  the  traces  of  the  next 
higher  leaf,  /„  T,,  (,  those  of  the  second 
higher  leaf,  while  the  remainii^  bundles  are 
those  which  are  styled  by  DeBary  cauline, 
since  they  do  not  lead  directly  to  any  leaf. 
Although  the  petiole  contains  seven  or  more 
bundles,  as  shown  in  fig.  11,  they  enter  the 
central  cylinder  as  three,  since  the  lateral 
bundles  on  each  side  fuse  with  one  another.  On  each  side  this  fusion 
bundle  is  joined  also  by  the  median  bundle  of  the  stipule  of  that  side. 
An  anastomosii^  branch  may  be  sent  to  the  median  leaf  trace.  The 
bundles  at  the  base  of  the  petiole,  like  those  of  the  intemode,  are 
devoid  of  xylem,  but  a  lacuna  represents  the  absent  vessels,  and  shows 
that  the  bundle  is  collateral.  As  the  bundle  enters  the  cortex  of  the 
stem,  ringed  vessels  or  tracheids  make  their  appearance,  and  the 
bundle  becomes  somewhat  swollen  and  almost  amphivasal,  owii^  to 
increase  in  the  number  of  tracheids  which  come  more  and  more  nearly 
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to  surround  the  phloem,  thus  recalling  the  condition  found  by  the 
writer  in  grasses  (6),  where,  however,  the  appearance  is  more  pro- 
nounced. With  the  three  foliar  traces  groups  of  mechanical  fibers 
enter  the  central  cylinder.  After  anastomosing  with  other  bundles 
present  at  the  node,  the  three  lose  their  xylem  and  proceed  downward 
at  the  periphery  of  the  stele,  occupying  the  middle  region  of  three 
contiguous  sides  of  the  roughly  oblong  section  of  the  stele  (fig.  14). 
At  the  next  node  they  enlarge,  move  toward  the  center  of  the  stele, 
and  the  xylem  again  appears,  first  at  the  inner  side  of  each  bundle, 
filling  the  cavity,  thence  spreading  around  the  phloem,  so  far  as  to 
render  the  bundle  almost  or  quite  amphivasal  {fig.  15);  the  two 
lateral  ones  anastomose  with  other  bundles,  then  the  three  approach, 
including  between  them  an  island  of  parenchyma  which  is  surrounded 
by  the  xylem  of  the  bundles.  The  xylem  again  disappears,  as  does 
also  the  island  of  parenchyma,  which  is  replaced  by  a  cavity  which 
persists  through  the  succeeding  internode.  Thus  the  "trio  "  is  formed 
and  descends  to  the  next  node,  where  tracheids  appear  once  more, 
first  around  the  cavity,  and  thence  spreading  around  the  bundles 
until  the  two  lateral  ones  become  amphivasal.  At  the  same  time  the 
three  bundles  enlarge,  the  two  lateral  ones  fuse,  then  separate,  and  all 
three  join  other  bundles  of  the  nodal  complex,  such  as  those  of  the 
axillary  branch  which  enters  at  this  level.  Both  the  petiole  and  the 
fused  stipules  contain  many  small  bundles  consisting  of  fibers  or  of 
thin-walled  cells  or  of  both.  These  bundles  descend  into  the  cortex 
of  the  stem,  some  of  them  fusing  with  similar  bundles  of  that  region 
derived  from  petioles  and  stipules  of  higher  leaves.  In  this  way 
apparently  arise  the  very  numerous  cortical  strands  characteristic  of 
this  species,  and  it  may  be  stated  in  general  that  those  species  which 
possess  a  cortical  system  derive  it  from  the  petioles  and  stipules. 
Two  points  in  the  foregoing  account  seem  worthy  of  emphasis, 
namely,  the  presence  of  amphivasal  bundles  wherever  the  leaf  trace 
bundles  are  about  to  fuse  with  other  bundles,  and  the  very  different 
course  pursued  by  the  leaf  traces  from  that  which  is  seen  in  most 
monocotyledons. 

Concerning  the  insertion  of  branches  it  should  be  noted  that  the 
phloem  of  the  bundles  shows  a  remarkable  enlargement  just  before 
joining  the  stele  of  the  main  stem,  as  is  shown  in  fig.  12.  The  elements 
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of  the  phloem  at  this  point  are  narrow  cells  with  very  thin  walls,  quite 
unlike  the  well-marked  sieve  tubes  which  are  seen  in  other  parts  of 
the  stem.  Such  bundles  are  frequently  seen  to  be  amphivasal  just 
before  they  are  inserted  on  bundles  of  the  main  stele.  Species  with  an 
axial  cylinder  like  P.  nalans  are:  P.  perjoliatus,  P.  Nuttallii,  P. 
praetongus,  etc. 

P.  natans  has  been  chosen  for  the  foregoing  description,  not  because 
it  presents  the  most  primitive  structure  of  any  of  the  species,  but 
because  the  vascular  tissues  are  well  developed,  probably  on  account  of 
the  transpiration  from  the  numerous  and  large  floating  leaves.  \\'hat 
seems  to  be  a  more  primitive  disposition  of  the  vascular  bundles  of 
the  central  cylinder  is  seen  in  P.  pulcher  (fig.  iq),  also  a  form  with 
some  floating  leaves,  but  with  broad  submei^ed  leaves  instead  of  the 
phyllodes  of  P.  natans.  The  course  of  the  leaf  trace  bundles  in  P. 
fulcher  resembles  that  already  described,  with  the  noticeable  differ- 
ence that  the  three  bundles  do  not  unite  to  form  a  "trio,  "  but  merely 
approach  one  another  in  the  medulla  of  the  second  intemode  after  the 
insertion  of  the  leaf,  giving  the  appearance  shown  in  cross-section 
{fig.  20).  A  diagram  (fig.  2)  will  make  dear  the  topography  of  the 
central  cylinder:  as  before,  t„  T„  t,  repre- 
sent the  traces  of  the  next  higher  leaf;  /,, 
r,,  /,  those  of  the  second  higher  leaf;  while 
the  remaining  bundles  are  cauline.  As  in 
the  former  species,  amphivasal  bundles 
occur  at  the  nodes  when  two  bundles  are 
about  to  fuse.  In  spite  of  the  liberal  size 
of  the  leaves,  and  the  fact  that  some  of 

them  float,  no  cortical  bundles  are  present  in  the  stem  (fig.  ig). 
Numerous  small  bundles  are  present  in  the  stipules,  but  they  turn 
abruptly  inward  and  enter  the  central  cylinder,  while  the  median 
bundle  of  each  stipule  as  usual  joins  the  lateral  leaf  trace. 

The  two  species  already  considered  represent  two  types  of  central 
cylinder  found  in  the  genus.  They  are  evidently  closely  related,  and 
the  natans  type  may- evidently  be  regarded  as  derived  from  the  pulcher 
type  by  the  partial  fusion  of  the  three  leaf  traces  during  their  descent 
through  the  central  cylinder.  At  least  two  other  types  may  be  dis- 
tinguished, in  one  of  which  the  bundles  of  the  central  cylinder  have 
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further  fused  so  as  to  form  three  more  or  less  dearly  separated  areas, 
as  is  shown  in  the  photograph  of  P.  crispus  (fig.  28)  and  in  jig.  3. 
T„  l„  T„  t,  of  the  preceding  diagrams  have  united  to  form  the  central 
area,  while  the  remaining  bundles  form  the  lateral  regions.  7",  may 
be  distinguished  from  T,  by  the  double 
lacuna  of  the  central  area.  As  usual,  three 
(or  sometimes  five)  leaf  trace  bimdles  enter 
the  central  cylinder,  the  large  median  one 
joining  the  central  area,  and  the  laterals, 
P,Q  2  each  composed  as  usual  of  bundles  from  the 

petiole  and  one  from  the  stipule  of  that  side, 
join  the  lateral  areas  of  the  centra!  cylinder.  DeBary  (7,  p.  274) 
gives  a  singularly  misleading  description  and  inaccurate  diagrams 
of  this  species,  owing  probably  to  the  crudity"  of  his  methods  of 
investigation.  Schenck  (28,  p.  41)  has  given  a  correct  interpretation 
of  the  appearances  presented  by  a  cross-section,  and  I  have  con- 
firmed his  statements  by  series  of  sections  through  the  iMxles.  P. 
crispus  is  no  more  an  "anomalous  monocotyledon"  (DeBary)  than 
are  the  other  species  of  Potamogeton,  since,  as  shown  above,  its  vas- 
cular system  can  be  easily  derived  from  that  of  P.  pulcker. 

A  further  reduction  or  fusion  of  the  vascular  elements  is  shown  in 
the  species  of  which  P.  peclifialus  (fig.  18)  may  "be  taken  as  the  type. 
In  the  intemodes  the  xylem  is  represented  only  by  a  central  cavity 
surrounded  by  parenchyma  and  phloem,  but  at  the  nodes  a  division 
of  the  stele  into  three  areas  is  more  or  less  plain.  The  last  fact  sug- 
gests that  the  condition  found  in  this  species  has  been  derived  from 
that  seen  in  P.  crispus,  since  ancestral  characters  are  apt  to  persist  at 
the  nodes. 

The  behavior  of  the  small  bundles  derived  from  the  p>etiole  and 
stipules  shows  great  variation  in  the  different  species.  (1)  They 
may  descend  into  the  cortex  of  the  succeeding  intemode,  constituting 
the  usually  numerous  cortical  bundles  of  a  number  of  species,  e.  g.,  P. 
natans,  eventually  joining  others  of  the  same  kind,  or  finding  their 
way  into  the  central  cylinder  at  a  lower  node.  (2)  They  may  descend 
a  short  distance  into  the  cortex,  then  disappear,  while  a  short  distance 
below  the  node  other  strands  make  their  appearance  in  the  cortex, 
to  disappear  before  the  next  node  is  reached,  e.  g.,  P.  Robbinsii. 
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(3)  They  may  (with  the  exception  of  the  central  bundle  of  each  stipule, 
which  joins  a  lateral  leaf  trace)  disappear  soon  after  entering  the 
cortex,  leaving  the  stem  without  cortical  bundles,  e.  g.,  P.  crispus. 

(4)  They  may  enter  the  central  cylinder  immediately,  like  the  leaf 
traces,  leaving  the  stem  devoid  of  cortical  bundles,  e.  g.,  P.  pulcher. 
To  this  should  be  added  the  peculiar  case  of  P.  NullallU  (fig.  5),  in 
the  upper  leaves  of  which  the  median  bundle  of  each  stipule  fuses  with 
the  neighboring  lateral  leaf  trace  bundle,  and  from  the  fusion  is  given 
off  a  strand  which  descends  into  the  cortex.  The  cortical  bundles  of 
this  species  are  not  numerous*  (six  to  eight),  and  fonn  a  complex 
anastomosis  with  the  central  cylinder  at  the  level  of  the  lower  part  of 
the  node.  In  general  it  may  be  stated  that  when  a  sp>ecies  possesses 
cortical  bundles  they  are  derived  from  the  small  bundles  of  the  petiole 
and  stipules.  This  view  is  confinned  by  the  fact  that  such  bundles 
are  universally  present  in  the  petioles  and  stipules,  even  when  they  are 
absent  from  the  stem.  As  to  composition,  the  cortical  bundles  range 
from  complete  collateral  bundles  to  mere  groups  of  a  few  fibers,  and 
moreover  the  character  of  a  bundle  may  change  greatly  in  its  course, 
being  composed  mostly  or  altogether  of  phloem  at  one  level  and  only 
of  fibers  at  a  slightly  different  level.  Schenck  (28,  pp.  48,  54)  is  of 
the  opinion,  and  my  observations  confirm  his  view,  that  all  these 
strands  represent  real  fibrovascular  bundles,  which  share  in  the 
reduction  shown  by  the  vascular  tissues  of  the  central  cylinder. 

The  extent  to  which  mechanical  tissue  is  present  is,  according  to 
SCHWZNDENER  (30),  dependent  on  whether  the  plant  grows  in  still  or 
in  ruiming  water.  But  different  species  occupying  a  similar  habitat 
may  differ  widely  in  respect  to  the  presence  of  mechanical  tissues; 
for  example,  P.  natans  is  abundantly  provided  with  cortical  strands, 
while  P.  pulcher  entirely  lacks  them,  yet  both  are  inhabitants  of  ponds, 
and  both  possess  floating  leaves.  Judging  from  over  forty  species  for 
which  data  are  available,  there  is  no  relation  between  the  presence  of 
cortical  bundles  and  a  totally  submersed  or  a  partly  floating  habit. 
Neither  can  a  relation  be  established  between  size  of  leaf  or  stem  and 
presence  or  absence  of  cortical  bundles.  That  these  strands  are  not 
primitive  structures,  but  have  arisen  In  connection  with  the  mechanical 
necessities  of  the  leaves  and  stipules  is  indicated  by  three  facts,  (i) 
In  the  creeping  stem,  which  has  rudimentary  sheathit^  leaves  devoid 


>v  Google 


tyiKi*  -Bljlil   ^r-sii^Sjr   Vj;=L    1  ■■:--i-:i---i    —    -^;   JrATt   il>:C.         ^      As 

»CI  t«  jccrtc  -,.j;  liCiT  ir  .'-  »sc*.',  .^,  \2,::.i^.L  ir.;—  zbe  cereal 
snriti  -cm-i  zz'wtri  jr-  la;  -^ — -^-V  ':i^  f-^at  ■«-.:i  ^be  jtztads 
of  "J:*  viii-.-JLir  nz:E  i<ii*  z«i:»  :c  fii5;  i^Lj  jtcc  Af:;i  rxajhrs; 
:bt  i^r.le  pir:  -.:  "Jj;  iii.      ;    .\i  sriTr-f  i":t:-t-sraZ  'rc;:i j<s  are  of 

Tbe  cwxpiv;  snx- — A:xri^^  :;  lijc~>rH    12  .  "jii  <ioes  not 

bran-.h-t?!  =yvt:Ti-  Tzt  -zr^iv^t  i^ztrs  J:  icTtril  =1: Zi-^zr:hj  respects 
from  ".hi:  of  :"r.^  k-afj  Kt=.  Tit  ciz:Til  "li^itr  ^  dineoed  id 
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pvj'.r/zrat.h  of  P.  pu^r'.'V  ;if.  iJ  .  arfi  rrest*".:  1  ~^}  i:coc}i«iooou3 
]fjr>k:r,3  rnz  of  cr,lli*.eral  '-.m^t^  ic-  23  .  :'•>:  jzi  ".ht  appearance  is 
soir.t-Ahat  ma-ktr!  by  :ht  larzt  size  of  \  <i:rji!  i=fi  a  \tn:ral  bundle. 
Th'rsc  •-■"o  b'jRCJes  may  latiK  ic  :he  ce:::er  of  :h*  >:tle  ic  caie  the  s;em 
is  mjch  ilattened.  -\j1  of  the<e  are  ca-ilfce  Kraad*.  whoie <ii~po:~iiion 
b  practically  unarfected  by  the  entTa"ce  of  the  iasi^tti^Lan:  leaf  traces 
from  the  ihin  deciduous  scale  k-ave*.  Hetice  there  fe  do  "trio"  of 
bundles,  and  the  disturbing  elements  are  branches,  doi  leaxxs.  Con- 
sidering a  node  lacking  a  branch,  ;he  larae  dor>al  and  ventral  bundles 
arc  seen  in  a  series  of  sections  to  pass  through  the  node  sometimes 
without  anastomosis  with  other  bundles;  they  5wer\-e  jlighdy  toward 
the  middle  of  the  stele,  while  the  lateral  bundles  partly  close  the  gaps 
thus  left  in  the  vascular  ring,  and  give  oS  roots  on  all  sides  of  ihe  stele. 
In  case  a  branch  is  present  at  a  node,  the  dorsal  and  ventral  bundles 
not  merely  approach  the  center  of  the  stele  but  become  much  enlarged 
owing  to  cxctsiive  development  of  phloem  i'^g.  ij).  and  fuse  to  form 
a  large  amphivasal  strand  which  then  breaks  up  into  several  amphi- 
vasiil  bundles.  These  anastomose  with  peripheral  bundles  of  the 
Hld(r  and  with  the  bundles  of  the  branch  which  enter  at  this  point. 
The  bundles  at  the  base  of  the  branch  likewise  show  a  greatly  swollen 
phl<»rm,  which  is  a  conspicuous  feature  in  the  figure.  It  will  be 
nrcalk-d  that  owing  to  the  distichous  arrangement  of  the  leaves,  the 
iiM'i-nding  stem  shows  two  bundles  on  opposite  sides  of  the  central 
cylinder,  which  bundles  are  the  median  traces  of  the  two  next  higher 
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leaves.  In  the  creeping  stem,  however,  the  two  opposite  bundles  are 
seen  from  the  foregoing  to  be  connected  with  the  origin  of  branches. 
As  in  the  leafy  shoot,  vessels  are  present  only  at  the  nodes,  and  are 
represented  by  a  cavity  elsewhere.  The  endodermis  is  plain,  of 
U-form,  and  suberised.  Fig.  16,  representing  the  creeping  stem  of  P. 
nalans,  which  should  be  compared  with  fig.  ij,  shows  another  point 
of  difference  between  the  creeping  and  the  leafy  stem.  While  cortical 
bundles  are  abundant  in  the  latter,  they  arc  much  scarcer  or  absent 
in  the  former,  owing  apparently  to  poor  development  of  leaves  and  the 
absence  of  stipules.  In  case  cortical  bundles  are  absent  in  the  leafy 
shoot,  they  are  lacking  also  in  the  creeping  stem,  as  may  be  seen  from 
the  figures  of  P.  pulcker.  In  accordance  with  the  sheathing  char- 
acter of  the  reduced  leaves,  the  leaf  traces  enter  the  central  cylinder 
separately,  as  may  be  well  seen  in  P.  perfolialus  or  P.  heterophyllus, 
which  have  better  developed  basal  leaves  than  has  P.  pulcker. 

The  floral  axis. — Schenck  (28)  and  others  have  not  failed  to 
notice  that  the  peduncle  has  a  different  disposition  of  bundles  from 
that  in  the  leafy  shoot,  but  the  earlier  observers  have  apparently  over- 
looked the  regularity  in  the  arrangement  of  the  bundles.  Fig.  2j 
shows  the  appearance  of  a  section  through  the  fertile  part  of  the  floral 
axis  of  P.  nalans.  The  arrangement  is  evidently  circular,  and  the 
bundles  are  collateral.  Branches  leading  to  the  flowers  do  not  have  a 
gap  above  their  point  of  exit,  but  spring  from  one  bundle  or  from  two 
adjoining  bundles.  Well-developed  tracheary  tissue  is  present  in 
all  of  the  bundles,  in  marked  contrast  to  the  condition  seen  in  an  inter- 
node  of  the  vegetative  axis.  Fig.  24  represents  an  appearance  which 
occasionally  occurs;  here  the  bundles  constitute  a  nearly  closed 
vascular  lube.  The  circular  arrangement  of  bundles  occurs  in  every 
species  which  I  have  examined,  even  in  such  slender  forms  as  P. 
hybridus,  the  peduncle  of  which  shows  four  separate  strands,  each 
siUTOunded  by  an  endodermis  (fig.  26).  The  basal  part  of  the  axis 
shows  the  same  arrangement  as  that  represented  in  the  figures,  but 
the  strands  are  apt  to  be  more  widely  separated.  Cortical  strands 
are  also  present  in  the  peduncle  of  species  such  as  nalans,  which  show 
many  such  strands  in  the  leafy  stem  (fig.  25) ;  they  either  join  bundles 
of  the  circle  or  dwindle  away  shortly  after  reaching  the  fertile  part 
of  the  axis.    A  ring  of  collateral  bundles  in  the  floral  axis  of  Eleo- 
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charis  is  figured  by  Plowman  (19),  and  is  stated  by  him  to  be  char- 
acteristic of  the  Cyperaceae.  A  similar  condition  is  found  in  Tri- 
glochin  (see  below).  The  resemblance  of  these  axes  to  the  stems  of 
dicotyledons  can  hardly  fail  to  be  noticed,  and  I  am  inclined  to  attach 
phylogenetic  imponance  to  the  feature,  rather  than  explain  it  on 
physiological  grounds,  as  is  suggested  by  Schenck  (28).  The  per- 
sistence of  ancestral  features  in  the  reproductive  axis  has  been  pointed 
out  by  Solms-Laobach  (31)  and  by  Scott  {29),  and  the  status  of 
this  as  a  general  principle  has  of  late  received  strong  confinnation, 
especially  from  the  work  of  Jeffrey,  who  in  his  memoir  on  the 
Abietineae  (14)  sums  up  the  eiidence  in  favor  of  the  principle.  In 
Potamogeton  we  seem  to  have  another  case  in  point,  for  the  peduncle 
shows  the  primitive  dicotyledonous  arrangement  of  bundles,  which 
moreover  are  collateral  throughout  their  course. 

General. — The  affinities  of  the  genus  Potamogeton  may  best  be 
discussed  later,  but  we  may  here  consider  the  relations  of  the  species. 
The  main  question  at  issue  is  as  to  whether  the  species  with  large 
floating  leaves  or  those  with  small  submersed  leaves  are  primitive,  or 
whether,  as  Raunktaer  (21)  believes,  the  species  with  large  submersed 
leaves  are  to  be  so  regarded.  One  criterion  for  the  decision  of  the 
question  is  the  structure  of  the  central  cylinder  in  the  various  species. 
In  his  admirable  memoir  on  submersed  plants  Schenck  {28)  has 
described  and  figured  the  central  cylinder  of  a  series  of  species,  startii^ 
with  P.  perjolialus,  in  which  the  bundles  of  the  intemodal  stele  are 
separate,  and  ending  with  P.  pectinatus,  in  which  the  stele  consists  of 
thin-walled  cells  surrounding  a  central  cavity,  and  he  concludes  thai 
the  series  represents  a  process  of  fusion  and  reduction  of  the  vascular 
tissues.  In  another  work  (27)  the  same  author  expresses  the  view  that 
the  pondweeds  have  sprung  from  terrestrial  plants  which  passed 
through  the  amphibious,  then  the  swimming,  and  finally  the  sub- 
mersed stage:  "P.  natans  wiirde  nach  dieser  Ansicht  die  ursprung- 
lichste  Form  unter  den  heutigen  Arten  noch  vorstellen."  With  the 
general  principle  of  reduction  here  stated  the  present  writer  is  in 
accord,  but  it  seems  to  him  that  the  place  of  honor  should  be  awarded 
to  some  such  species  as  P.  puUher  for  the  following  reasons:  (i)  P. 
natans  has  some  of  its  submersed  leaves  specialized  as  phyllodes, 
while  in  P.  pukher  the  submersed  leaves  are  broad  and  differ  from 
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the  floating  ones  mainly  in  their  thinness;  (2)  It  is  probable  that  the 
separate  bundles  in  the  central  cylinder  of  P.  pulcker  represent  a  more 
primitive  condition  than  the  "trio"  of  P.  natans.  There  seems  to  be 
every  reason  to  believe  that  the  small-leaved  submersed  forms  with  a 
stem  showing  a  concentric  stele  are  to  be  regarded  as  simplified  by 
reduction.  Further,  the  group  of  species  with  stipules  adnate  to  the 
petiole  represented  by  P.  filijormis,  P.  pectinalus,  and  P.  Robbinsii 
are  probably  quite  specialized  fonns,  since  they  are  connected  with 
such  forms  as  P.  natans  by  a  small  group  including  P.  spirUlus  and  P. 
kybridus,  in  which  the  stipules  are  slightly  adnate  and  the  spikes  are 
of  two  kinds,  the  emersed  ones  cylindrical,  and  the  submersed  ones 
capitate,  consisting  of  four  to  six  flowers.  It  should  also  be  noted 
that  P.  Robbinsii,  etc.,  have  their  flowers  in  an  interrupted  spike. 

RUFFIA  HARinUA 

This  monotypic  form  has  been  uniformly  placed  in  the  same 
family  as  Potamogeton  on  account  of  its  emersed  inflorescence,  per- 
fect flowers,  and  alternate  leaves.  The  complex  arrangement  of 
branches  characteristic  of  Potamogeton  is  here  represented  by  a  creep- 
ing axis  giving  ofF  roots  and  leafy  shoots,  as  described  by  Irmisch 
(12).  The  structure  of  the  stem  is  comparatively  simple:  inside  a 
lacunar  cortex  is  a  central  cylinder  of  the  type  of  P.  pectinalus,  viz., 
with  a  central  cavity  surrounded  by  small  thin-walled  cells.  Trache- 
ids  are  present  at  the  nodes.  Each  leaf  possesses  a  central  bundle 
and  two  very  slender  lateral  ones.  The  central  bundle  enters  the 
central  cylinder  directly,  as  in  Potamogeton ;  while  the  lateral  bundles 
descend  into  the  cortex  of  the  stem  for  a  greater  or  less  distance, 
though  they  do  not  reach  the  next  lower  node,  but  dwindle  away  and 
disappear,  as  is  illustrated  in  the  diagram,  fig.  g.  This  condition  has 
in  all  probability  been  derived  by  reduction  from  that  in  which  the 
cortical  bundles  joined  the  central  cylinder  at  the  next  node  below  the 
insertion  of  the  leaf  to  which  they  belong,  for  it  is  unreasonable  to 
suppose  that  the  leaf  traces  should  originally  have  had  no  connection 
with  the  main  conducting  chaimels  of  the  stem.  Thus  the  cortical 
bundles  of  Ruppia  belong  to  Van  Tiegheu's  second  group  (32,  p. 
751).  The  course  of  these  bundles,  and  the  occurrence  of  xylem  at 
the  nodes,  as  well  as  the  filiform  leaves  and  submergente  of  all  parts 
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of  the  plants  except  the  flowers,  leads  to  the  view  that  Ruppia  is  an 
example  of  simplicity  by  reduction. 


Magnus  has  given  a  short  account  of  the  stem  structure  of  P. 
oceanica  (17).  According  to  his  description,  the  conducting  tissue 
of  the  central  cylinder  is  flanked  by  a  mass  of  mechanical  fibers,  and 
the  cortex  contains  numerous  small  bundles  of  fibers  and  also  a  few 
conducting  bundles.  No  account  is  given  of  the  course  of  the  leaf 
traces,  and  material  has  not  been  obtainable  so  far  for  the  present 
research. 


The  widely  distributed  species  Z.  marina  has  been  the  subject  of 
frequent  study.  Eichler  (10)  described  the  sympodium  of  floral 
axes,  and  SaiA'aceau  (23)  has  given  the  best  account  of  the  vegetative 
structures  of  the  five  species,  referring  to  the  older  literature  on  the 
subject.  The  creeping  stem  is  monopodial,  and  bears  the  long  ribbon- 
shaped  alternate  leaves,  while  the  ascending  branches  are  sympodes 
bearing  the  flattened  spadices.  In  all  these  regions  the  main  struc- 
tural features  are  the  same,  namely,  a  wide,  somewhat  lacunar  cortex 
containing  two  vascular  strands  and  inclosing  a  narrow  central 
cylinder.  The  structure  of  the  last,  however,  differs  considerably  in 
the  various  regions  of  the  plant.  Fig.sg,  from  the  lower  part  of  the 
ascending  shoot,  shows  the  simplest  condition,  with  a  central  lacuna 
and  four  masses  of  phloem,  therefore  representing  four  fused  bundles. 
This  condition  is  present  also  in  the  apical  parts  of  the  creeping  stem, 
and  arises  from  the  distichous  arrangement  of  the  leaves.  The  older 
parts  of  the  creeping  stem  show  four  additional  bundles  in  the  stele, 
alternating  with  the  first-formed  bundles.  Xylem  fills  the  lacuna  at 
the  nodal  regions,  but  is  nowhere  well  developed.  From  the  sheath- 
ing base  of  a  leaf  a  median  bundle  enters  the  central  cylinder  directly ; 
while  on  each  side  two  or  more  lateral  traces  fuse  and  join  the  cortical 
bundle  on  its  side,  which  at  the  same  level  sends  a  branch  to  the  central 
cylinder,  as  shown  in  the  diagram,  fig.  6.  From  the  leaf  also  enter 
a  large  number  of  small  bundles  of  fibers  which  run  down  in  the  outer 
region  of  the  cortex;   in  the  creeping  stem  these  may  be  thin  waUed 


>v  Google 


1907]  CHRYSLER-^POTAMOCETONACF.AE  173 

or  even  absent.  The  peduncle  shows  a  structure  similar  to  that  of 
the  stem  figured;  do  circle  of  separate  bundles  such  as  in  Potamo- 
geton  is  found,  but  the  central  cylinder  consists  of  two  united 
bundles. 

The  well-defined  cortical  system  of  this  plant  is  a  characteristic 
feature  which  at  once  separates  the  genus  from  Potamogeton.  In  P. 
Nultallii,  however,  we  have  a  suggestion  as  to  how  the  condition  in 
Zostera  may  have  arisen,  as  described  above  (p.  167) ;  the  lateral  bundle 
entering  the  stem  from  the  petiole  and  stipule  may  give  off  a  branch 
which  descends  through  the  cortex.  The  chief  difference  between 
this  condition  and  that  in  Zostera  is  that  in  the  latter  genus  the  cortical 
strand  is  continuous  up  and  down  through  a  number  of  internodes. 
Whether  a  leaf  trace  at  once  penetrates  into  the  central  cylinder,  or 
descends  at  the  periphery  of  the  cylinder,  or  descends  altogether  out- 
side the  cylinder,  appears  to  be  a  feature  readily  modifiable  in  the 
monocotyledons,  as  has  been  pointed  out  by  the  writer  (6),  and  in 
almost  every  family  of  monocotyledons  there  are  members  in  which 
at  least  some  of  the  leaf  traces  pursue  a  cortical  course  for  the  length 
of  an  intemode  before  joining  the  central  cylinder.  Apparently  this 
condition  is  derived  from  that  in  which  all  bundles  of  the  leaf  trace 
join  the  stele  directly. 

According  to  Sauvageau  {23),  Z.  Muelleri  and  Z.  tasmanica  show 
two  to  five  cortical  bundles  on  each  side  in  place  of  the  single  one  of  Z. 
marina.  These  bundles  anastomose  with  one  another  at  the  node, 
and  send  a  branch  to  the  central  cylinder,  while  receiving  a  single 
bundle  from  the  leaf,  i.  e.,  the  leaf  has  a  median  and  only  two  lateral 
traces. 

The  aflSnities  of  this  genus  are  by  no  means  dear.  Like  Potamo- 
geton it  has  an  elongated  inflorescence  which  here  reaches  a  high 
degree  of  specialization.  The  totally  immersed  habit  of  the  plant, 
together  with  the  hydrophilous  mode  of  pollination  by  means  of  fila- 
mentous pollen  also  indicate  specialization.  The  vascular  structures 
may  have  been  derived  from  the  condition  found  in  Potamogeton,  as 
is  suggested  above,  but  the  resemblance  is  not  striking,  especially 
when  we  consider  the  eight  radially  arranged  bundles  of  the  central 
cylinder.  The  process  of  evolution  has  apparently  separated  Zostera 
far  from  its  relatives. 
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'I'/    "<•    ^■'>T  •;>:  ^'.►Til   >a:i  tnil-t  '^jnCi*   ILIl  t71£.3£^  »riif  die 

ti*!"..*;  w*  //.,'jt  "ijt  '..fr.-tri:;  c}'l^:iitr  lirtrr^j.    Tbejt  Eaiemcnis 

i.v/r,i'>r*^  r,  f'a*  ;,">  rrjCjr*r '^itarly 'j=  Mcojnt «' iit  zb^^ict  of  roots, 
A^  w^r  };»  h'>Ti  In  tfif:  f.^„Te.  twj  literal  n^acts  ertfr  the  sttm  on  each 
»,/li  ';!  fj^'  f/j'/J^n  tra/jt,  awj  attath  ;h«n5*3^-e«  to  one  of  tbe  cnnkal 
i:'i-4iA%  y^^.'.<^^  \),"n  ^*^A>.  in  a  branch  to  the  ceaaal  olioder.  Thus 
it.'-  th-jn/iiti  'A  ih':  \imi  Udufi  d.'fftrs  DO  Djore  from  that  in  Zostera 
wififui  ihun  '^*'-^  tJiii  fr'>m  othtr  species  of  Zosiera.  Tbe  centtal 
'  -/iiti'tir  it  i»  rrvrtt  r<-',i*'r<.i%  similar  to  that  of  Zosiera,  showing  four 
hK/i'fl'-i  in  a  Mdion  tlirouf;h  an  intemode  of  the  asceodir^  stem. 
in  flu-  uj/jfT  |ian  of  Kur  h  a  it«.-m  the  bundle  deri\^  from  the  median 
tttm-  i4  a  \iiif  runi  v>niewhat  a[>art  from  the  other  bimdles  of  the 
«irpl»ii)  lyUtuU-T,  and  in  gi-neral  the  vascular  strands  of  this  genus 
bIi'jw  a  ii-fi'li'ri'  y  to  \n:  more  widely  separated  than  In  Zostera.  The 
Itifriil  imii  di(iH  nitt  nivm  the  ring  of  bundles  seen  in  Potamogeton,  but 
Ih'-nr  iirr  i(rrimt(i'l  in  a  tubular  stele,  and  there  are  two  cortical  strands 
iiB  In  (III-  lnwrr  jiiirt  of  the  stem.  These  features  of  the  floral 
imU  lire  In  imord  with  its  H[H.'cialized  character  in  this  species. 
Niiiiu'Iiiur  nii'diiinii'iil  Mriinds  enter  the  stem  from  the  leaves,  espe- 
I  liiHv  In  ihf  iiM  indinK  |mrl  of  the  stem,  but  they  are  not  numerous  nor 
lliiik  witllcd  In  llic  <Tri-])inK  stem.  As  in  Zostera  the  pollen  is  fila- 
nuriltitii,  'Yhv  iiiiiHoiniial  cliuractcra  atTord  no  reason  for  question- 
ItiK  iIm'  Hiiiilihliiti  i)f  Dtmi.KV,  that  the  genus  is  derived  from 
/.nirl... 
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CVMODOCEA 
This  genus  shows  several  points  of  resemblance  to  Zostereae,  e.  g,, 
the  filamentous  pollen,  elongated  creeping  stem,  frequently  ribbon- 
shap>ed  leaves,  and,  as  will  be  seen,  its  vascular  structure  is  closely 
related.  The  best  general  account  is  that  by  Bornet  (2)  of  the 
species  C.  nodosa,  though  the  account  of  the  vascular  anatomy  is  * 
meager,  Sauvaceau  has  described  certain  features  of  the  stem  and 
leaf  structure  of  a  number  of  species  (24).  The  only  species  acces- 
sible to  me  has  been  C.  manatorum,  and  to  it  the  following  account 
applies.  The  intemodal  stem  {fig.  31)  shows  a  differentiation  in  its 
cortex  which  is  characteristic  of  the  genus.  An  outer  zone  free  from 
lacunae  contains  near  its  inner  limit  a  broken  circle  of  cortical  bundles, 
and  surrounds  an  inner  zone  which  is  lacunar.  The  circle  of  bundles 
really  consists  of  two  sets,  an  arc-shaped  group  of  four  or  five  on  each 
side  of  the  central  cylinder,  which  is  somewhat  flattened.  Each  of 
these  groups  corresponds  to  one  of  the  two  cortical  strands  of  Zoslera 
marimi,  and  to  the  two  to  four  strands  of  Z.  Muelleri  and  Z.  tasTtianica. 
They  are,  as  would  be  expected  from  analogy,  connected  with  the 
lateral  traces  of  the  leaf,  while  the  median  leaf  trace  enters  the  central 
cylinder  directly.  At  the  node  the  cortical  bundles  of  each  side  anas- 
tomose and  send  a  branch  which  joins  the  central  cylinder  at  the  point 
of  entrance  of  the  median  trace.  Certain  of  these  features  are  shown 
in  fig.  J2.  As  Sauvageau  figures  for  C.  serrulata,  the  central  cylinder 
consists  of  two  bundles  lying  in  the  line  which  passes  through  the  base 
of  the  leaf  (fig.  ji) ;  the  phloem  contains  several  large  sieve  tubes,  and 
the  xylem  of  the  two  bundles  is  fused  and  is  represented  by  a  central 
lacuna.  As  the  node  is  approached,  tracheary  tissue  fills  the  lacuna, 
and  at  the  point  of  entrance  of  the  leaf  trace  that  bundle  of  the  stele 
lying  toward  the  trace  becomes  amphivasal,  quickly  followed  by  the 
other  bimdle.  After  the  entrance  of  the  two  bundles  from  the  cortical 
system  three  amphivasal  bundles  are  present  in  the  stele,  soon  becom- 
ing two  and  changing  to  the  collateral  form  as  their  xylem  disappears 
and  is  replaced  by  the  central  lacuna.  The  cortical  system  of  Cymo- 
docea  seems  to  be  an  extension  of  the  plan  seen  in  Zoslera  marina,  Z. 
Muelleri  forming  an  easy  transition.  The  genus  is  to  be  regarded  as 
a  specialized  one,  judging  from  the  anatomy  and  the  filamentous 
pollen. 
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HALODULE 
I  have  not  examined  material  of  this  genus,  but  Sauvageau's 
account  of  the  stem  structure  (24)  leaves  little  doubt  that  it  is  derived 
from  Cymodocea  or  one  of  its  near  ancestors.  Instead  of  the  arc  of 
similar  cortical  bundles  on  each  side  of  the  central  cylinder,  Halodule 
shows  one  larger  strand  and  a  variable  number  of  rudimentary  strands 
forming  an  arc — apparently  a  more  differentiated  condition  than  that 
found  in  Cymodocea. 

ZANNICHELLIA  PALUSTRIS 

The  external  morphology  bears  a  general  resemblance  to  that  of 
Potamogeton,  and  the  minor  differences  are  stated  in  detail  in 
Iruisch's  classic  work  already  referred  to  (12).  The  structure  of 
the  creeping  and  ascending  stems  is  very  similar,  and  carries  the  reduc- 
tion observed  in  Ruppia  a  step  farther.  As  stated  by  Caupbell  (3) 
and  confirmed  by  my  obser\'ations,  the  central  cylinder  of  the  stem 
consists  of  thin-walled  tissue  inclosed  in  a  distinct  endodermis  and 
surrounding  a  central  cavity.  The  lacunar  cortex  lacks  the  two 
strands  seen  in  Ruppia,  for  in  Zannichellia  the  leaf  contains  a  single 
trace  which  enters  the  central  cylinder  directly.  Spiral  tracheids  are 
present  at  the  nodes  to  nearly  the  same  extent  as  in  Ruppia,  and  are 
much  more  abundant  than  in  Naias  flexUis  or  A^.  marina.  Camp- 
bell makes  the  interesting  observation  that  the  filament  of  the  sta- 
men is  traversed  by  tracheary  tissue,  showing  in  section  usually  two 
tracheids.  The  plant  is  totally  submersed,  and  pollination  is  effected 
under  water,  a  fact  which  points  to  a  high  degree  of  specialization. 
The  single  stamen  and  monoecious  habit  point  in  the  same  direc- 
tion ;  in  fact  specialization  and  reduction  are  so  great  that  the  affinities 
of  this  monotypic  genus  are  very  uncertain. 

Najadaceae 

NAUS 

On  account  of  the  simplicity  and  the  exceptional  development  of 
its  floral  parts  this  genus  has  attracted  much  attention.  Originally 
counted  as  belonging  to  Potamogeton,  the  tendency  now  is  to  put  the 
genus  in  a  family  by  itself.  Magnus  (15,  16,  18)  has  thrown  much 
light  on  the  morphology,  and  in  his  paper  of  1870  gives  an  exccUent 
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account  of  the  earlier  work.  Campbell  {3)  has  studied  N.  fiexUis 
by  the  aid  of  modem  technique,  and  Rendle  (22)  has  recently 
revised  the  genus  from  the  systematic  standpoint.  The  last  two  men- 
tioned authors  summarize  our  knowledge  of  the  morphology,  so  we 
may  at  once  proceed  to  a  discussion  of  the  features  which  throw  light 
on  the  affinities  of  the  genus.  My  own  observations  have  been  con- 
fined to  two  species,  N.  flexilis  and  N.  marina,  obtained  from  several 
different  localities  with  a  view  to  confirming  earlier  accounts.  The 
structure  of  the  stem  resembles  that  found  in  ZannicbeUia,and  is  figured 
for  typical  species  by  Rendle;  a  cortex  containing  a  circular  row  of 
lacunae  incloses  a  slender  stele  which  consists  of  thin-walled  elongated 
cells  surrounding  a  central  lacuna.  The  endodermis  is  usually  well 
marked.  A  single  leaf  trace  enters  the  stele  directly  from  each  leaf. 
In  N.  flexilis  a  few  ringed  or  spiral  tracheids  are  to  be  seen  at  the 
nodes,  especially  the  younger  ones,  also  in  the  pedicel  of  the  flower, 
and,  according  to  Campbell,  in  the  young  leaves  as  well.  In  N. 
marina,  however,  I  am  unable  to  find  any  trace  of  tracheary  tissue, 
although  this  species  is  a  stouter  form  than  N.  fiexUis.  The  feature 
to  which  most  significance  has  been  attached  is  the  simple  flower, 
consisting  either  of  a  single  ovule  or  single  anther,  inclosed  in  a 
"'Spathe."  In  early  stages  the  micro-  and  megasporangiate  struc- 
tures are  scarcely  distinguishable,  and  Campbell  compares  them  with 
the  sporangia  of  Azolla.  This  author  argues  for  the  derivation  of 
the  monocotyledons  directly  from  pteridophytes,  especially  the  Isoe- 
taceae,  through  simply  organized  aquatics  such  as  Naias  or  Zanni- 
chellia.  According  to  this  view  the  simplicity  exhibited  by  the 
vegetative  and  reproductive  structures  is  primitive.  In  marked  con- 
trast is  the  opinion  of  Magnus:  "Bei  Naias  scheint  qiir  vieles  dafUr 
zu  sprechen,  das  wir  es  mit  reducirter  Einfachheit  zu  thun  haben" 
(18,  p.  332).     It  wiU  be  well  to  examine  the  evidence  in  some  detail. 

(i)  On  the  view  that  Naias  represents  a  reduced  form  derived  from 
a  land  plant,  the  occurrence  of  tracheids  at  the  nodes,  in  the  pedicels 
of  the  flowers,  and  in  the  young  leaves,  receives  ready  explanation,  for 
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{2)  "The  flowers  of  Naias  represent  the  simplest  form  which  an 
acgiospermous  flower  can  assume,  consisting  simply  of  a  single  carpel 
with  but  one  ovule,  or  of  a  single  stamen  which  in  most  species  has 
but  one  pollen  cavity  "  (Campbell  3,  p.  1 2).  The  inaccuracy  of  the 
last  statement  can  be  easily  shown.  By  sorting  out  the  species 
described  in  Rzndle's  paper,  it  is  found  that  seven  species  have  a 
unilocular  anther,  while  twenty-three  have  the  usual  quadrilocular 
anther.  Moreover,  Campbell  figures  a  case  where  the  anther  of  N. ' 
fiexilis  is  partially  divided  by  a  partition.  It  would  seem  then  that  N. 
fiexUis  fonns  an  exception  to  the  condition  obtaining  in  the  genus, 
hence  the  similarity  between  megasporangiate  and  microsporangiate 
structures  is  not  so  great  as  supposed.  Concerning  the  single  stamen, 
it  by  no  means  follows  that  this  necessarily  indicates  a  primitive  con- 
dition, for  there  are  cases  of  monandrous  flowers  belonging  to  families 
which  are  admitted  to  be  high  in  the  scale,  for  instance  Hippuris  and 
many  orchids, 

(3)  The  ovary  of  N.  marina  is  surmounted  by  three  stigmas 
(sometimes  two),  that  of  N.  microdon  by  three  stigmas,  or  by  two 
stigmas  and  a  spine-arm,  or  by  intermediate  conditions;  other  species 
show  a  varying  number  of  stigmas  (see  Rendle's  figures).  The 
number  of  stigmas  in  a  flower  is  usually  taken  to  indicate  the  numb* 
of  carpels,  e.  g.,  some  grasses  have  two  stigmas  though  there  is  only 
one  seed.  In  the  case  of  Naias,  Eichler  (io)  is  of  the  opinion  that 
the  evidence  is  untrustworthy,  since  the  stigmatic  branches  are  of 
relatively  late  appearance.  It  may  be,  however,  that  we  have  here  a 
relic  of  the  condition  of  the  flower  with  several  carpels. 

(4)  Naias  has  unisexual  flowers,  monoecious  or  dioecious;  this  is 
not  regarded  as  being  so  primitive  a  condition  as  the  hermaphrodite 
one  exhibited  by  members  of  the  Potamogetonaceae. 

(5)  Pollination  in  Naias  is  effected  by  means  of  the  water  in  which 
the  plants  are  immersed.  This  mode  must  be  considered  to  be  derived 
from  the  anemophilous  mode,  for  non-motile  spores  in  the  higher 
plants  are  regularly  carried  through  the  air. 

On  the  whole  it  seems  to  me  that  the  claim  of  primitive  simplicity 
for  Naias  cannot  be  maintained.  The  evidence  goes  to  show  that  its 
structure  is  reduced  in  accordance  with  its  aquatic  habit.  The  genus 
stands  very  much  isolated,  but  it  has  been  suggested  by  Magnus  that 
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its  ovary  might  be  derived  from  an  ancestor  of  Zannichellia  by  the 
suppression  of  all  the  carpels  but  one. 

ApOD<^etODaceae 

APONOGETON  FENESTRALIS 

The  creeping  rhizome  of  this  bizarre  plant  differs  markedly  from 
those  found  in  Potamogetonaceae,  being  much  less  lacunar  and  hav- 
ing its  cells  loaded  with  starch.  The  vascular  cylinder  is  poorly 
defined,  since  no  endodermis  is  visible  and  the  bundles  are  not  numer- 
ous. Some  of  these  lie  at  what  is  to  be  regarded  as  the  periphery  of 
the  central  cylinder,  and  a  few  others  run  in  the  medulla.  Very  few 
of  these  are  amphivasal,  and  all  are  weak  looking  strands  with  their 
xylem  hardly  lignified.  At  intervals  the  peripheral  bundles  are  con- 
nected by  a  girdle  of  vascular  strands,  so  that  an  almost  complete 
ring  is  formed.  Seven  or  more  traces  enter  from  the  sheathing  base  of 
each  leaf,  rapidly  traversing  the  cortex  and  penetrating  to  near  the. 
middle  of  the  stele,  where  they  anastomose  with  one  another  and  pro- 
ceed downward  through  the  mcdidla.  Thus  the  ^^scular  structure 
resembles  that  of  the  majority  of  monocotyledons  which  have  a  creep- 
ing rhizome  much  more  than  it  does  that  of  Potamogeton.  In  this 
respect  and  in  its  floral  characters  the  genus  seems  more  closely  related 
to  Alismaceae  or  Juncaginaceae  than  to  the  families  so  far  discussed. 

Jnnc^lnaceae 

TSIGLOCHIN  UARITIMA 

It  is  not  intended  to  enter  in  any  detail  into  the  morphology  of 
this  genus,  but  to  call  attention  to  certain  features  which  seem  of 
theoretic  interest.  Contrary  to  the  habit  of  the  plants  at  the  other  end 
of  the  series,  Triglochin  has  a  stocky  subterranean  stem  with  short 
intemodes,  resembling  Acorns  and  many  of  the  sedges.  Fig.  33 
shows  its  central  cylinder;  an  endodermis  is  visible,  within  which  are 
a  number  of  bundles,  mostly  amphivasal,  imbedded  in  fundamental 
tissue  which  is  not  lacunar  as  is  the  cortex,  but  contains  much  starch. 
In  the  center  of  the  stele  is  an  island  of  mechanical  tissue.  The 
presence  of  amphivasal  bundles  throughout  the  length  of  the  stele 
easily  distinguishes  this  genus  from  Potamogeton.  The  writer  has 
already  (6)  expressed  the  view  that  such  bundles  arising  in  the  nodes 
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by  reason  of  fusion  of  leaf  traces  with  other  strands  may  continue  in 
their  amphivasal  condition  from  one  node  to  another  in  case  the  inter- 
nodcs  arc  short,  as  is  the  case  in  a  stocky  stem  such  as  occurs  in  this 
i;cnus.  The  leaf  traces  are  collateral  and  penetrate  the  cortex  rather 
rapidly  to  enter  the  central  cylinder.  Fig.  zy  shows  a  transverse  sec- 
tion through  the  floral  axis.  The  exceedingly  dicotyledonous  looking 
ring  of  collateral  bundles  cannot  fail  to  be  remarked.  Attention  has 
already  been  called  to  the  persistence  of  ancestral  features  in  the  floral 
axis,  and  we  have  here  a  particularly  good  case  in  point. 

SCHEUCHZERIA  PALITSTRIS 

The  rhizome  of  this  monotypic  genus  bears  a  general  resemblance 
to  that  of  Triglochin,  but  its  tissues  are  much  more  lacunar,  both  in 
the  intra-  and  extra-stelar  regions.  The  cortex  lacks  the  mechanical 
fibers  found  in  Triglochin,  and  the  island  of  such  tissue  is  absent  from 
the  stele.  Numerous  leaf  traces  enter  the  cortex  from  the  sheathii^ 
leaves ;  the  larger  traces  penetrate  directly  into  the  interior  of  the  stele, 
while  the  smaller  ones  run  down  through  the  cortex  for  nearly  the 
length  of  an  internode  before  entering  the  central  cylinder.  The 
structure  of  the  central  cylinder  of  the  rhizome  is  shown  in  ^g.  34; 
leaf  traces  are  to  be  seen  in  various  stages  of  penetration  in  to  the 
cylinder.  Most  of  the  bundles  lie  io  a  circle  at  the  outer  border  of  the 
stele,  and  it  will  be  noticed  that  practically  all  of  them  arc  amphivasal, 
although  Chatin  {4)  figures  them  as  collateral.  It  is  probable  that 
his  figure  is  from  a  higher  region  of  the  stem,  for  I  have  found  that  in 
this  region  the  bundles  are  more  nearly  collateral,  i.  e.,  with  U-shaped 
xylcm.  It  is  of  interest  to  add  that  in  the  upper  nodes  the  leaf  traces 
enter  the  stele  through  distinct  gaps.  The  floral  axis  is  strengthened 
by  a  thick  fibrous  ring,  inside  which  are  collateral  bundles  arranged  in 
an  irregular  ring,  with  three  or  four  lying  a  short  distance  farther  in. 
Thus  the  arrangement  is  not  so  simple  as  in  Triglochin. 

The  affinities  of  this  and  the  preceding  genus  seem  to  be  with 
Alismaceac  rather  than  Potamogetonaceae,  hence  no  attempt  will  be 
made  at  present  to  discuss  this  question. 
RelatiOBsblps 

The  view  that  the  monocotyledons  have  been  derived  from  the 
dicotyledons  has  been  put  on  a  new  foundation  by  recent  anatomical 
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Studies.  Since  the  correctness  of  this  view  is  to  be  premised  in  the 
following  discussion,  it  will  be  well  to  review  the  evidence  for  it.  The 
two  characteristic  monocotyledonous  features — scattered  arrange- 
ment of  the  bundles  and  amphivasal  form  of  bundle — are  found  not 
to  occur  in  the  seedling  in  families  which  have  been  examined  in  this 
respect  (Jeffrey  13,  Chrysler  5,  Plowman  19).  On  the  contrary, 
the  seedling  shows  a  tubular  stele  with  collateral  bundles,  such  as  is 
typical  of  a  dicotyledon.  Sooner  or  later  some  of  the  bundles  turn 
into  the  medulla  and  show  the  amphivasal  feature  at  some  part  of 
their  course,  eventually  becoming  leaf  traces.  These  stages  in  onto- 
geny are  believed  to  repeat  stages  in  the  phylogeny  of  the  group. 
Occasional  cases  of  apparent  reversion  to  the  primitive  type  occur  in 
adult  rhizomes,  such  as  that  of  Clintonia.  The  tubular  stele  is  found 
in  the  floral  axis  of  some  monocotyledons,  and  its  occurrence  here  has 
been  interpreted  as  the  persistence  of  an  ancestral  feature.  In  this 
oi^an  and  in  the  leaves,  moreover,  only  collateral  bundles  are  found, 
which  is  the  prevailing  type  in  dicotyledons.  A  cambium,  the  lack  of 
which  was  supposed  to  be  a  distinguishing  feature  of  monocotyledons, 
has  been  demonstrated  in  Gloriosa  by  Queva  (20),  in  the  seedlings  of 
a  number  of  monocotyledons  by  Andersson  (l),  in  Cyperaceae  by 
Plowman  {19},  and  most  recently  in  the  nodes  of  grasses  by  the 
-present  writer  (6).  It  has  been  argued  that  in  the  last -mentioned 
case  the  cambium  has  persisted  in  regions  where  it  is  of  use,  and  is 
therefore  a  vestigial  not  a  rudimentary  structure.  As  to  geological 
evidence,  many  of  the  supposedly  ancient  monocotyledons  have 
turned  out  to  be  gymnosperms,  and  there  is  no  reason  for  believing 
that  monocotyledons  existed  earlier  than  dicotyledons.  Finally  the 
researches  of  Miss  Sargant  have  shown  how  a  monocotyledonous 
embryc  may  have  been  derived  from  a  dicotyledonous  one. 

The  present  research  has  added  to  the  evidence  along  at  least  one 
of  the  lines  just  mentioned.  It  has  been  shown  that  in  Triglochin 
and  variou: 
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the  ventral  strand.  In  the  elongated  intemodes  of  Potamt^eton  only 
collateral  bundles  occur,  while  in  the  shortened  axis  of  Triglochin,  to 
which  many  leaves  are  attached,  amphivasal  bundles  are  numerous. 
This  apparently  represents  the  direction  of  evolution.  Lack  of  mate- 
rial has  so  far  prevented  me  from  studying  the  seedlings  of  any  of  the 
Helobiae,  but  the  importance  of  such  study  is  fully  reo^nized,  and 
cultures  are  in  progress  which  it  is  hoped  will  shortly  rtnder  it  pos- 
sible to  fill  this  gap  in  the  evidence. 

Admitting  then  the  derivation  of  the  monocotyledons  from  dicoty- 
ledon-like ancestors,  which  of  the  genera  studied  most  closely 
resemble  the  dicotyledons  ?  There  seems  to  be  sufficient  reason  for 
considering  Potamogeton  the  most  primitive  genus  met  with,  as  is 
indicated  by  the  following  facts: 

(i)  The  stem  of  Potamogeton  is  not  a  shortened  axis,  such  as  is 
seen  in  many  of  the  monocotyledons,  e.  g.,  the  rhizome  of  Triglochin, 
which  in  all  probability  has  been  shortened  and  thickened  in  accord- 
ance with  its  geophilous  habit. 

(2)  Xylem  is  well  developed  in  the  nodes,  floral  axis,  and  young 
stem  of  many  species  of  Potamogeton.  Its  presence  in  these  regions 
cannot  be  explained  on  physiological  grounds,  but  must  be  regarded 
as  the  persistence  of  an  ancestral  feature.  Conduction  must  be  per- 
formed by  the  intemodes  as  well  as  the  nodes,  therefore  if  the  trach- 
eary  tissue  were  functional  (i.e.,  rudimentary  instead  of  vestigial)  in 
the  immersed  species,  its  occurrence  ought  not  to  be  localized. 

(3)  The  separate  strands  present  in  the  central  cylinder  of  such 
species  as  P.  ptUcher  are  to  be  regarded  as  more  primitive  than  the 
compound  or  fused  cylinder  seen  in  Zostera,  etc. 

(4)  Potamogeton  shows  the  circle  of  bundles  in  the  floral  axis 
more  plainly  than  any  other  genus  studied,  with  the  exception  of 
Triglochin.  The  significance  of  this  feature  has  already  been  con- 
sidered. 

(5)  The  phloem  in  Potamogeton  is  particularly  well  developed, 
consisting  of  sieve  tubes  with  evident  sieve  plates,  and  undoubted 
companion  cells,  though  the  latter  arc  seldom  so  plain  in  monocoty- 
ledons as  in  dicotyledons. 

(6)  Some  species  of  Potamogeton  possess  floating  leaves.  Though 
it  is  not  denied  that  this  may  be  a  specialized  feature,  it  has  been  well 
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argued  by  Schenck  (27)  that  we  have  here  a  stage  in  the  assumption 
of  aquatic  life  by  the  genus.  The  leaves  of  all  the  other  members  of 
the  family  are  submersed, 

(7)  The  inflorescence  is  a  spike  or  spadix,  an  admittedly  primitive 
fonn.  The  other  genera  show  a  specialized  spadix,  such  as  Zostera, 
or  a  reduced  inflorescence,  as  in  Zannichellia  (and  Naias). 

(8)  The  spadix  in  Potamogeton  is  raised  above  the  surface  of  the 
water  so  that  pollination  is  anemophilous.  The  nearest  approach 
to  this  is  in  Ruppia,  where  the  pollen  floats  on  the  surface  of  the 
water,  while  in  the  other  genera  the  inflorescence  is  submersed  and 
the  pollen  does  not  reach  the  surface.  In  connection  with  this  habit 
the  pollen  of  Zostera  and  Cymodocea  is  filamentous.  Evidently  these 
cases  of  hydrophilous  pollination  are  adaptations. 

(9)  The  floral  parts  are  in  whorls  of  four,  which  is  a  characteristic 
dicotyledonous  number,  although  the  whorls  do  not  alternate  in  the 
simplest  way.    There  is  only  slight  coalescence  of  parts. 

(10)  The  flowers  are  perfect,  while  in  Zannichellia  and  Naias  they 
are  monoecious  or  dioecious. 

As  to  the  relationships  among  the  genera,  the  tendency  of  recent 
classifications  is  indicated  by  the  fact  that  the  old  family  Naiadaceae 
is  now  split  into  four  families,  and  one  of  these  (the  Potamogetonaceae) 
into  five  not  very  closely  related  sections.  It  appears  that  the  leading 
principle  at  work  in  the  evolution  of  the  families  has  been  that  of 
simplification  or  reduction,  both  in  the  reproductive  and  the  vegetative 
organs.  Some  features  of  specialization  and  complexity  have  also 
appeared,  such  as  the  filamentous  pollen  and  flattened  spadix  of 
Zostera.  This  genus  in  spite  of  its  peculiarities  seems  to  stand  more 
closely  related  to  Potamogeton  than  to  the  reduced  genera  Ruppia, 
Zannichellia,  and  Naias,  and  its  vascular  system  at  least  may  be 
derived  from  that  of  Potamogeton,  as  has  already  been  shown.  The 
vascular  system  of  Ruppia  may  represent  a  reduced  condition  derived 
from  that  of  Zostera  or  Potamogeton,  while  Zannichellia  and  Naias 
are  still  more  reduced  both  as  regards  the  vascular  system  as  a  whole 
and  the  elements  of  which  it  is  composed.  Naias  represents  the 
extreme  of  reduction  found  in  the  group,  for  there  is  a  single  leaf 
trace,  and  tracheary  tissue  is  found  only  in  certain  species,  such  as  N. 
flexUis,  and  is  confined  to  a  few  scattered  tracheids  at  the  nodes,  the 
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of  the  relations  suggested  in  the  foregoing  accoiuit: 
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Stmunary 

1.  The  course  of  the  leaf  traces  in  Potamogeton  is  not  typically 
tnonocotyledonous,  for  in  the  more  robust  species  the  three  traces  run 
down  through  one  inlemode  at  the  peripheiy  of  the  central  cyUnder 
before  entenng  the  medulla,  where  they  descend  through  a  second 
intemode,  finally  fusing  with  cauline  strands. 

2.  At  the  points  of  fusion  the  bundles  are  found  to  be  amphJ^'asal, 
while  they  are  collateral  throughout  their  internodal  course, 

3.  The  phloem  of  the  bundles  at  the  base  of  a  branch  shows  a 
marked  swelling. 

4.  The  cortical  bundles  present  in  some  species  of  Potamogeton 
are  not  regarded  as  a  primitive  feature,  since  they  do  not  occur  in  the 
fertile  part  of  the  floral  axis  and  occur  only  sparingly  if  at  all  in  the 
creeping  stem.  They  enter  the  stem  as  small  strands  from  the  stipules 
and  petioles  and  are  not  as  a  rule  connected  with  the  principal  leaf 
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traces.  In  Zostera  and  Cymodocea,  however,  there  is  a  system  of 
cortical  bundles  which  are  connected  with  all  of  the  principal  leaf 
traces  except  the  median  one. 

5.  The  circle  of  collateral  bundles  found  in  the  floral  axis  in 
Potamogeton  and  Triglochin  is  regarded  as  a  relic  of  the  ancestral 
dicotyledonous  condition  of  the  vascular  system. 

6.  The  evidence  afforded  by  the  vascular  and  floral  structures 
indicates  that  Potamogeton  is  the  most  primitive  genus  of  Potamo- 
getonaccae.  It  shows  more  clearly  than  the  other  genera  features 
characteristic  of  terrestrial  life,  though  some  of  its  species  are  appar- 
ently reduced  forms. 

7.  Species  of  Potamogeton  having  both  floating  and  submersed 
leaves  and  a  central  cylinder  in  which  the  bundles  run  separated  from 
one  another  are  regarded  as  the  most  primitive  members  of  the  genus. 
P.  pukher  fulfils  these  requirements. 

8.  The  other  genera  of  Potamogetonaceae  show  further  stages  of 
reduction  in  accordance  with  their  totally  submersed  habit.  Their 
relationships  are  in  some  cases  shown  by  the  vascular  structures. 

9.  In  Naiadaceae  the  reduction  is  carried  to  such  an  extreme  of 
simplicity  that  the  affinities  of  the  family  are  obscure. 

10.  Aponogetonaceae  and  Juncaginaceae  are  more  typically  mono- 
cotyledonous  in  their  structure,  and  do  not  seem  immediately  related 
to  Potamogetonaceae. 
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EXPLANATION  OF  PLATES  XIV-XVIII 

FLATS  XIV 

Diagrams  to  show  the  course  of  the  leaf  traces  in  the  difiereot  genera.  Id 
each  diagram  the  upper  part  represents  a  transverse  section  through  the  node, 
and  the  lower  part  a  longitudinal  section  through  a  node  and  part  of  the  bter- 
node  below  it.  The  boundary  of  the  central  cylinder  is  indicated  by  broken 
lines,  the  median  leaf  trace  by  a  double  line,  and  the  lateral  leaf  traces  by  single 
lines.  In  the  vertical  diagrams  the  median  trace  is  represented  for  the  sake  of 
deaness  as  if  entering  from  one  side. 

Fig.  4.  Potamogeton  (most  species). — Fig.  5.  Polamogelon  JVutfaWii.— Fig.  6. 
Zoslera  maritui. — ^Fig.  7.  PkyUoipadix  Scouleri. — Fig.  8.  Cymodocea  manttlorum. 
— Fig.  9.  Ruppia  marilima. — Fig.  10.  Zannichellia  and  Naias. 

PUTB   XV 

Fig.  II.  PotamagetoH  naUins,  Transverse  section  a  tittle  above  an  upper 
node  of  the  leafy  shoot,  showing  the  petiole,  fused  stipules,  axillary  bud,  and 

Fig.  13.  Same.  Longitudinal  section  throngh  an  upper  node,  showing  the 
swellings  at  the  orig^  of  leaf  and  branch  bundles.  Xao. 

Fig.  13.  Same.  Part  of  fig.  11  more  magnified;  numerous  cortical  bundles 
are  visible.  Xio. 

Fig.  14.  Same.    Central  cylinder  of  fig.  13  more  magnified.  X4S. 

Fig,  15.  Same.  Transverse  seaion  through  the  central  cylinder  at  a  node 
of  the  leafy  shoot.  Xjs. 

Fig.  16.  Same.  Transverse  section  through  intemode  of  the  creeping  stem^ 
cortical  bundles  are  absent.  X35. 

PLATE  XVI 

Fig.  17.  P.  pukher.  Transverse  section  through  central  cylinder  of  the 
creeping  stem  at  the  origin  of  a  branch.  X20. 

Fig.  18.  P.  pectinatus.  Transverse  section  through  the  leafy  stem  a  short 
distance  above  a  node.   Xjs. 

Fig.  19.  P.  pulehtr.  Transverse  section  through  the  leafy  stem  just  above 
a  node,  showing  the  absence  of  conical  strands  characteristic  of  thb  species. 

Fig.  30.  Same.  Central  cylinder  of  fig.  19  enlarged,  showing  the  separated 
bundles.  X70. 

Fig.  31.  Same.  Transveise  section  through  an  inteniode  of  the  creeping 
stem,  showing  the  tubular  central  cylinder.  X>o. 

Fig.  33.  Same.    Central  cylinder  of  preceding  figure.  XSo. 

PLATE  XVII 

Fig.  33.  P.  nalans.  Transverse  section  through  fertile  part  of  the  floral 
axis,  showing  a  ring  of  bundles.  X35. 
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FiC.  34.  Same.     Condirina  »ctDrti::ies  >i:p:u>:f  ki  die  flcval  UK. 

Fio.  25,  Some.     Snrua  fewn  nor  the  faue  of  die  pcdunde, 
UoJ  tiuadiet  'rjtudc  the  rme.    Kxa. 

FlO.  26.  i*.  kfbridmi.     SMrke  d:rT:-iieh  dK  &:n>l  UK.    r  110. 

Fic.  27.  Trigl^him  manlima.  Tnasinx  KciKn  duou^  the  9onX  us, 
^tcnig  a  ring  of  o^Uaienl  buadles.  X25. 

FlC.  28.  ^,  critpiu.     TmiFvene  sectton  ttroiid  cer.inJ  crliada'.   X 100- 

riATE  TVIII 

FiC.  39.  Zotttra  aMu'wa.  Tnnsmv  iccnca  duoocfa  an  inieniode  (rf  die 
jfffwHtng  sieoQ.  X  20. 

Fig.  jo.  PkjQotfadix  Staidtn.  Tmtsiriae  aectioo  duougfa  die  »anww1tng 
Stem  ai  die  upper  pan  of  dw  iosenioD  of  a  lof.  x  15. 

Fic.  31.  Cymodocea  mamUannm.  Tiansrcne  aecnoo  duougb  an  bieniotk 
of  die  stem.  X25. 

Fig.  32.  Same.    TransvEise  aection  duougb  a  node.  X30. 

Fig.  33.  TrigUtckim  wiantima.  Traosverae  secikm  duougb  die  ceotnl 
cyUnder  of  die  rbizome.     X25. 

Fig.  34.  Sckeuckieria  falnstrU.  Tnnsivise  sectioo  diim^  tmOal  cytio- 
der  of  the  riiizoine.  X30. 
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THE  MALE  GAMETOPHYTE  OF  DACRYDIUM 

CONTRIBUTIONS  FROM  THE  HULL  BOTANICAL  LAiOEATORY,  99 
Mary  S.  Yodkg 
(with  plate  xix) 

Until  1902,  when  Coker  (i)  published  a  paper  on  the  gametophytes 
and  embryo  of  Podocarpus,  we  had  no  account  whatever  of  any  of 
the  Podocarpineae.  The  fact  that  they  are  in  the  main  forms  of 
the  southern  hemisphere  has  made  it  hard  to  secure  the  necessary 
material.  Cokeb's  study  was  made  from  two  cultivated  trees,  and 
his  results,  so  far  as  the  male  gametophyte  is  concerned,  were,  very 
briefly,  as  follows:  (i)  The  pollen  grain  contains  two  prothallial 
cells;  the  first  degenerates  slowly,  the  nucleus  of  the  second  slips 
out  into  the  general  cytoplasm  and  may  divide;  the  first  may  segment. 
(3)  The  mature  pollen  grain  sometimes  contains  as  many  as  six 
nuclei.    (3)  There  is  one  functional  male  cell  formed. 

In  coimection  with  these  results  it  is  interesting  to  note  some  recent 
work  on  Araucarineae.  In  1905  Thompson  {2)  found  in  the  pollen 
tubes  of  Agathis  supernumerary  nuclei,  sometimes  as  many  as  thirteen, 
but  was  not  certain  of  their  origin.  In  the  same  year  he  found  a 
similar  condition  in  Aiaucaria,  and  in  one  instance  at  least,  there  were 
more  than  thirty  nuclei  placed  fore  and  aft.  In  1905  Lopriore  (4) 
described  the  pollen  grains  of  Araucarm  Bidiinllii.  According  to  his 
account,  two  lenticular  cells  are  successively  cut  o£F  from  the  main 
body  of  the  spore,  and  from  them  a  complex  is  developed.  The  free 
central  nucleus  and  an  iimer  cell  of  the  complex  increase  in  size  and 
undergo  jio  further  divisions;  they  remain  distinct  from  the  others, 
and  even  in  the  germinating  tube  can  be  recognized.  One  of  them 
is  figured  with  a  conspicuous  envelope  of  cytoplasm  rich  in  starch. 
The  complex  increases  to  about  fifteen  cells  when  the  walls  disappear. 
Nuclear  division,  however,  continues  until  there  are  about  thirty-six 
free  nuclei  in  the  general  cytoplasm.  Lopriore  interprets  the  cell 
complex  as  representing  an  antheridium  and  considers  the  two  large 
lluclei  as  vegetative  in  character.  The  paper  has  been  reviewed  by 
189]  [Botanical  Oaietta,  vol.  44 
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Chamberlain  (5),  who  suggests  that  the  complex  is  prothallial  and 
the  two  nuclei  reproductive. 

In  1904  JUEL  (6)  found  in  the  pollen  tubes  of  Cupressus  Goveni- 
ana  a  complex  of  male  ceils;  sometimes  there  were  only  four,  but 
more  often  eight  or  ten,  and  in  one  case  about  twenty.  The  tree 
was  grown  in  a  greenhouse  and  may  not  have  been  normal.  Recently, 
however,  a  study  of  Microcycas  calocoma  by  Caldwell  (7)  has 
revealed  a  somewhat  similar  multiplication  of  reproductive  cells. 
He  found  in  the  pollen  tube  a  tube  nucleus,  a  prothallial  cell,  a  stalk 
cell,  and  eight  or  nine  body  cells.  Each  of  these  body  cells  later 
divides  to  fonn  two  sperm  mother  cells. 

The  peculiarity  of  the  pollen  grains  of  Podocarpus  and  its  possible 
bearing  on  the  question  of  relationships  among  conifers  added  con- 
siderable interest  to  the  study  of  Dacrydium.  A  brief  summary  of 
some  points  in  our  present  knowledge  of  the  male  gametophytes  of 
conifers  may  be  useful. 

1.  Proikailial  cells. — Taxineae,  Taxodineae,  and  Cuprcssineae 
have  none.  In  Abietineae  there  are  two  and  both  are  ephemeral. 
In  Podocarpus  there  are  originally  two;  one  at  least  is  persistent  and 
may  divide.  In  Araucaria,  as  Chamberlain  interprets  Lopriore's 
figures,  there  is  extensive  prothallial  tissue. 

2.  Generative  cells. — The  free  nucleus  of  the  spore  divides  to  form 
the  generative  cell  and  tube  nucleus.  Usually  the  generative  cell 
divides  pericllnally  to  form  the  so-called  stalk  and  body  cells,  of  which 
the  former  is  sterile. 

3.  The  male  cells. — The  body  cell  divides  to  form  two  male  cells 
or  nuclei.  The  sperms  are  usually  unequal,  but  in  Taxodium  and 
Juniperus,  and  perhaps  in  Pinus,  they  are  equal,  A  complex  of  male 
cells  has  been  found  in  Cupressus  Goveniana. 

4.  Shedding. — The  usual  shedding-stage  is  after  the  division  into 
tube  nucleus  and  generative  cell;  but  in  Juniperus  and  Cupressus 
the  microspores  are  shed  before  any  division  has  taken  place;  and  in 
Picca  the  generative  cell  has  divided. 

dacrydium 

The  material  for  the  present  work  was  colleaed  by  Professor 
L.  Cockayne  in  December  1906  and  January  1907  in  New  Zealand. 
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It  was  killed  and  preserved  in  70  per  cent,  alcohol  and  formalin, 
imbedded  in  paraflin,  cut  5  ft,  and  stained  part  in  o .  5  per  cent,  hema- 
toxylin and  orange  G  and  part  in  safranin  and  gentian  violet.  The 
material  consisted  of  staminate  strobili  of  Dacrydium  bijorme,  D. 
BidwUlii,  D.  cupressinum,  and  D.  hxijoHum,  and  young  ovules  of 
D.  cupressinum,  D.  laxijolium,  and  D.  itUermedtum.  Unfortunately, 
it  was  impossible  to  obtain  a  complete  series  from  any  one  species. 
The  first  named  was  in  the  microspore  stage  only;  the  second  fur- 
nished a  series  from  the  microspore  up  to  the  shedding  of  the  pollen; 
the  pollen  of  the  third  was  ready  to  be  shed,  but  no  grains  were  found 
in  the  ovules;  the  fourth  showed  young  tubes  in  the  raicropyles,  and 
in  D.  inlermedium  they  had  penetrated  the  nucellus. 

The  staminate  strobili  are  2  to  6"""  in  length  and  terminate  short 
branches.  The  nucleus  of  the  microspore  is  large  and  lies  near  the 
base  of  the  spore,  that  is,  the  side  opposite  the  wings  {fig.  /).  The 
first  division  cuts  off  a  lenticular  prothallial  cell  which  lies  close  against 
the  basal  wall  {fig.  2).  Another  division  soon  follows,  cutting  off  from 
the  main  body  of  the  spore  a  second  prothallial  cell,  similar  to  the 
first  and  overlying  it  {figs.  3, 4)-  Both  these  cells  have  distinct  though 
very  delicate  walls;  their  nuclei  are  somewhat  flattened  and  stain 
very  deeply,  but  they  show  no  sign  of  degeneration;  the  cytoplasm 
also  is  very  dense. 

In  Dacrydium,  as  in  Podocarpus  and  the  Abietineae,  a  third  cell 
is  now  cut  off  from  the  main  body  of  the  spore  {fig.  5).  It  overlies 
the  others  and  is  so  similar  to  them  that  but  for  its  subsequent  behavior 
one  might  think  it  a  third  prothallial  cell.  It  is  a  generative  cell — 
generative  in  the  sense  that  it  is  the  ancestor  of  sperms.  This  and 
the  second  prothallial  cell  now  both  divide;  usually  the  division  of 
the  latter  occurs  first,  but  the  order  may  be  reversed  (figs.  6,  7).  In 
either  case  the  result  is  a  complex  of  five  distinct  cells,  one  in  the 
lowest,  and  two  in  each  of  the  upper  tiers,  filling  about  one-third  of 
the  cavity  of  the  spore.  All  the  five  nuclei  are  oval  and  stain  very 
deeply.  The  free  nucleus,  which  is  now  the  tube  nucleus,  divides 
no  more.  It  is  somewhat  irregular  in  outline  and  is  larger  and  less 
dense  than  any  of  the  others.  The  cytoplasm  of  the  pollen  grains  is 
at  this  time  considerably  vacuolated. 

Up  to  this  point  all  the  stages  described  were  obtained  from  Dl 
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Bid-willii.  A  very  close  series  was  secured,  showing  spindles  in 
every  one  of  the  divisions,  so  that  the  sequence  of  events  was  quite 
clear.  In  this  species,  very  rarely,  a  division  of  the  iirst  prothallial 
cell  occurs.  In  D.  cupressinum,  however,  this  takes  place  normally, 
giving  a  complex  of  six  instead  of  five  cells  (fig.  ii).  As  early  stages 
were  not  secured,  I  cannot  say  when  the  division  occurs. 

The  next  step  in  the  development  of  the  gametophyte  is  the  enlarge- 
ment of  the  two  generative  daughter  cells.  They  increase  in  thick- 
ness and  the  nuclei  lose  their  flattened  appearance.  Before  this 
there  had  been  nothing  by  which  to  distinguish  between  the  two,  but 
now  one  of  them  grows  more  rapidly  than  the  other  and  arches  upward 
conspicuously.  This  may  take  place  before  or  after  the  division 
of  the  second  prothallial  cell.  At  the  same  time  the  upper  and  inner 
walls  become  gradually  less  and  less  distinct  and  finally  disappear 
altogether  (figs.  8,  9,  10).  The  larger  ceil  does  not  lose  its  identity, 
but  retains  about  itself  a  sheath  of  cytoplasm,  rich  in  starch.  It 
abandons  all  connection  with  the  spore  wall  and  appears  as  a  rounded 
cell  free  within  the  pollen  grain,  similar  to  the  body  cell  of  other 
conifers.  The  other  loses  itself  in  the  general  cytoplasm  and  its 
nucleus  is  set  free. 

The  prothallial  cells  now  also  increase  somewhat  in  thickness, 
their  nuclei  round  up,  and  their  walls  fade  away.  When  ready  to 
be  shed,  the  pollen  grain  of  D,  BidwUlii  contains  the  body  cell  and 
five  free  nuclei.  These  change  their  relative  positions  somewhat,  and 
the  nucleus  of  the  body  cell  is  indistinguishable  from  those  of  the 
prothallial  cells  and  the  tube  nucleus. 

Several  pollen  grains  of  D,  BidwUlii  were  found  in  which  two  body 
cells  were  apparently  developing  from  the  divided  generative  cell; 
though  these  were  unequal  in  size,  both  had  the  characteristic  sheath. 
In  two  or  three  older  pollen  grains  of  D.  laxijolium,  in  which  the  tubes 
were  formed,  there  was  the  appearance  of  two  body  cells,  one  larger 
than  the  other;  fig.  ij  shows  one  of  these  cases,  though  not  the  most 
pronounced. 

D.  laxifoHum,  though  collected  on  the  same  day  with  the  micro- 
spores of  D.  Hjorme  and  the  more  advanced  D.  BidwUlii,  showed 
no  young  stages  at  all.  The  pollen  had  all  been  shed.  The  micro- 
pyles  were  full  of  the  pollen  grains,  of  which  some  had  not  germinated. 
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but  some  had  tubes  twice  the  length  of  the  spore.  In  these  there 
appeared  always  the  conspicuous  body  cell  aind  six  free  nuclei.  Among 
the  latter  one  could  sometimes  recognize  the  tube  and  generative 
daughter  nuclei  by  their  position  or  appearance,  but  sometimes  they 
were  quite  indistinguishable.  In  several  cases  one,  presumably 
the  tube  nucleus,  had  entered  the  tube  and  the  others  were  about  to 
follow  it  {iigs.  12,  Jj). 

From  the  number  of  free  nuclei,  it  is  fair  to  infer  that  in  D.  laxi- 
jolium,  as  in  D.  cupressinum,  the  first  prothallial  cell  has  divided. 
Another  possible  explanation  would  be  the  division  of  the  body  cell, 
but  the  latest  stages  in  D.  BidwUUi,  in  which  the  shedding  of  the 
pollen  had  begun,  could  not  have  been  much  earlier  than  that  of  the 
ungerminated  pollen  grains  in  the  micropyles,  and  there  was  no 
evidence  of  such  a  division  in  either  of  these.  In  several  cases,  too, 
the  position  of  two  free  nuclei  side  by  side  against  the  lower  wall 
suggested  their  origin  from  the  first  prothallial  cell. 

The  latest  st^es  found  were  in  D.  intermedium  collected  January 
31.  The  tubes  had  penetrated  the  nucellus  to  some  distance,  and 
free  nuclei  were  seen  in  them,  but  there  was  no  evidence  of  any 
further  divisions.  The  body  cell,  still  undivided,  remained  alone 
in  the  cavity  of  the  pollen  grain.  It  seemed  probable  that  it  would  have 
divided  and  given  rise  directly  to  two  sperms,  as  in  other  conifers, 
but  there  might  be  other  divisions  previous  to  sperm  formation.  It  is 
hoped  that  in  the  near  future  material  can  be  secured  and  the  life- 
history  completed. 

DISCUSSION 

The  striking  facts  about  the  male  gametophyte  are  (1)  the  multi- 
plication of  prothallial  cells  and  (3)  the  transverse  division  of  the 
generative  cell.  The  development  in  Dacrydium  agrees  rather 
closely  with  that  described  by  Coker  for  Podocarpus,  except  that 
there  is  no  sign  of  degeneration  of  any  of  the  cells,  and  the  division 
of  the  generative  cell  in  Podocarpus  was  not  observed.  In  the  light 
of  what  we  now  know  about  Podocarpineae,  one  can  hardly  study 
Lopriohe's  drawings  of  Araucaria  without  agreeing  with  Chauber- 
lain's  view.  The  mode  of  origin  of  the  cell  complex  at  once  su^ests 
the  prothallial  cells  of  other  conifers,  and  the  large  nucleus  with  its 
cytoplasmic  sheath  looks  too  much  like  a  body  cell  to  be  called  vegeta- 
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live.  In  fact,  all  the  early  figures  up  to  the  five-cell  stage  might  be 
taken  to  represent  Dacrydium  cupressinum.  These  show  the  fonna- 
tion  of  first  and  second  prothatlial  cells,  the  generative  cell,  and  the 
division  of  the  first  prothallial  cell.  According  to  Lopriore's  account, 
however,  after  the  first  two  divisions  it  is  usually  the  middle,  that  is 
the  second  prothallial  cell,  which  divides  longitudinally,  cutting  off 
what  we  would  call  the  generative  cell. 

The  complex  in  Cupressus  is  not  at  all  comparable  to  that  of  Arau- 
caria,  for  it  has  a  wholly  different  origin.  It  is  not  formed  early  in 
the  history  of  the  gametophyte  by  successive  divisions  of  the  spore, 
but  later,  in  the  tube,  by  the  division  of  a  single  differentiated  repro- 
ductive or  body  cell.  The  rarity  of  any  prothallial  cells  at  all  in 
conifers  sets  apart  Abietineae,  Podocarpineae,  and  Araucarineae  as 
the  possible  representatives  of  a  more  primitive  condition.  Araucaria 
seems  to  point  toward  an  ancestral  functioning  thallus,  and  Dacrydium 
shows  a  further  step  in  .the  reduction  so  nearly  accomplished  in 
Pinus.  A  possible  connection  between  the  three  groups  is  suggested. 
The  question  of  relationships,  however,  can  be  answered  only  through 
the  combined  results  of  various  lines  of  research. 

In  most  conifers  that  have  been  studied,  the  generative  cell  divides 
periclinally  to  form  the  so-called  stalk  and  body  cells,  but  outside 
of  conifers  we  find  Cycas  and  Ginkgo  in  which  the  division  is  trans- 
verse. The  term  "stalk  cell"  is  a  rather  unfortunate  one.  Its  use 
was  suggested  by  the  position  of  the  cell  between  the  body  and  the 
prothallial  cells,  but  in  the  case  of  a  transverse  division,  or  where,  as 
in  Sequoia  and  Cryptomeria,  the  division  takes  place  in  the  free 
condition  in  the  tube,  the  significance  of  the  name  is  entirely  lost. 
It  is  perhaps  misleading,  too,  in  the  suggestion  of  the  stalk  of  an 
antheridium. 

The  generative  cell  is  the  first  of  a  spermatogenous  series.  In 
Pinus,  for  example,  it  divides,  giving  rise  to  a  sterile  and  a  fertUe 
cell.  The  body  cell  divides  once  and  pnxluces  two  male  cells.  In 
Dacrydium  also  the  first  division  gives  rise  to  a  fertile  and  a  sterile  cell, 
but  with  a  tendency  for  both  to  function.  In  Microcycas  the  genera- 
tive cell  produces  the  sterile  stalk  cell  and  eight  or  more  body  cells. 
In  Cupressus  Goveniana  one  at  least  of  the  two  generative  daughter 
cells  divides  many  times,  giving  rise  to  extensive  fertile  tissue.    Juel 
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saw  a  small  nucleus  which  he  thought  to  be  the  stalk  nucleus.  From 
Microcycas,  then,  through  Dacrydium  to  Pinus  we  have  a  reduction 
series  in  the  spermatogcnous  tissue.  The  inequality  of  the  sperms, 
so  common  in  conifers,  is  only  a  further  step  in  this  reduction. 

The  tendency  for  two  body  cells  to  develop  in  Dacrydium  may  be 
related  to  the  transverse  division  of  the  generative  cell.  In  Pinus 
the  inner  cell  has  the  advantage  at  the  start,  and  is  thus  set  apart  as 
the  body  cell;  but  in  Dacrydium  both  cells  begin  exsistence  with 
apparently  even  chances,  being  equally  free  to  enlarge.  Thus  it 
seems  at  first  a  matter  of  indifference  which  shall  be  the  body  cell 
and  which  sterile,  and  some  accident  of  slightly  superior  size  or 
better  nourishment  may  be  the  determining  factor. 


1.  There  are  two  prothallial  cells  cut  off  from  the  main  body  of 
the  spore.  In  Dacrydium  Bidwillii  usually  only  the  second  divides; 
in  D.  taxijoliutn  and  D.  cupressinum  both  divide. 

2.  The  generative  cell  divides  by  an  anticlinal  wall,  one  daughter 
cell  functioning  as  a  body  cell  and  the  other  being  sterile.  In  some 
cases  both  produce  body  cells, 

3.  The  waUs  of  the  prothallial  cells  and  the  two  generative  daughter 
cells  disappear. 

4.  The  mature  pollen  grain  contains  the  body  cell  and  five  or  six 
free  nuclei,  according  as  the  first  prothallial  cell  has  or  has  not 
diviHed. 

This  work  was  carried  on  under  the  direction  of  Professor  J.  M. 
Coulter  and  Db.  C.  J.  Chamberlain. 

UNivEssiiy  OF  Chicago 

Note. — Since  this  iovestigatioo  was  comjdetcd,  a  paper  by  Jetprev  and 
Chkyslek  {The  microgametophyte  of  the  Podocarpineae.  Amer.  Nat.  41: 
3S5-3S4'  1907)  on  the  same  subject  has  appeared.  The  paper  deals  chiefly 
with  Podocarpus.  The  development  of  the  gametophyte  corresponds  in  general 
with  that  of  Dacrydium,  but  with  further  divisions  of  the  prothallial  cells,  resulting 
sometimes  in  ei^t,  and  an  occasional  division  of  the  generative  cell  into  three 
instead  of  only  two  cells. 
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EXPLANATION  OF  PLATE  XIX 

A  Zeiss  apochromatic  a""  homogeneous  immeision  objective  and  compensat- 
ing ocular  8  were  used.  All  drawings  were  made  with  a  camera  lucida  and 
reduced  one-half,  giving  a  magnification  when  reduced  of  960  diameters. 

Abbreviations:  t,  tube  nucleus;  g,  generative  cell;  ^t,  first  prothallial  cell; 
pt,  second  prothallial  cell;  b,  body  cell;  s,  spennatogenous  cell;  .it,  starch. 

Figs,  i-io,  Daerydium  BidwiUii 

Fig.  I.  Microspore. 
'    Fig.  a.  First  prothallial  cell  cut  off. 

Figs.  3,  4.  Cutting-off  of  second  prothallia]  cell. 

Fig.  5.  Cutting-off  of  generative  cell. 

Fig.  6.  The  second  prothallial  cell  divided. 

Fig.  7.  Division  of  generative  all. 

Fio.  8.  The  generative  cell  divided,  the  two  dau^ter  cells  enlarging. 

Fig.  9.  Tube  nucleus,  body  cell,  and  two  prothallial  cells;  stalk  cell  not 
shown. 

Fig.  10.  Walls  of  stalk  and  body  cells  disappearing. 

Fig.  II.  Dacrydium  cupressinum;  both  prothallial  cells  divided. 

Figs.  12,  13.  Dacrydium  laxifoHitm;  tube  nucleus  entering  the  tube;  body 
cell  and  prothallial  and  stalk  nuclei  in  the  grain. 
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BRYOLOGICAL  PAPERS 

I.    THE  ORIGIN  OF  AIR  CHAMBERS 

CONTRIBUTIONS  FROM  THE  HULL  BOTANICAL  LABORATORY,  100 

Chables  R.  Barnes  and  W.  J.  G.  Land 

(with  TWENTY-TWO  FIGURES) 

The  air  passages  in  certain  tissues  of  the  vascular  plants  are  so 
prominent  as  to  attract  instant  attention  when  a  section  is  examined. 
Inasmuch  as  new  cells  are  produced  by  division,  and  the  partitioning 
waU  is  a  joint  product  of  the  two  severed  protoplasts,  a-priori  reason- 
ing leads  to  the  hypothesis  that  intercellular  spaces  arise  by  the 
secondary  splitting  of  the  membrane,  on  account  of  unequal  growth 
and  turgor.  This  hypothesis  is  abundantly  verified  by  observation, 
and  there  remains  no  doubt  whatever  that  the  aerating  passages  of 
vascular  plants  are  formed  in  this  manner. 

When  intercellular  spaces  were  observed  in  liverworts,  it  was 
natural  to  assume  that  they  took  their  origin  in  the  same  feshion. 
In  the  Anthocerotales,  intercellular  spaces  of  the  triangular  and 
quadrangular  type,  familiar  in  the  pith  parenchyma  of  vascular  plants, 
occur  in  both  gametophyte  and  sporophyte.  We  are  not  aware  that 
the  origin  of  these  has  ever  been  supposed  to  be  in  any  way  different 
from  that  of  similar  spaces  elsewhere.  The  origin  of  the  mucilage 
clefts  and  chambers  of  Anthoceros  and  Dendroceros  is  definitely 
ascribed  by  Leitgeb'  to  cleavage,  and  he  has  been  quoted  in  all 
textbooks. 

In  the  Marchantiales,  however,  the  canals  and  air  chambers  in 
the  upper  portion  of  the  thallus  are  so  large  and  extraordinary  in 
architecture,  that  it  was  questionable  whether  they  arose  in  the  familiar 
fashion,  or  had  some  peculiar  origin.  Hofmeister'  describes  the 
formation  of  the  air  chambers  in  the  gametophore  of  Marchaniia 
polymoTpha  in  these  words: 

Close  underthe  arched  upper  surface  of  the  receptacleof  Marchantia  .... 
DUinerous  air  cavities  are  fonned,  even  before  the  firat  appearance  of  the  arche- 

■  Leitgeb,  H.,  Unteisuchungen  (iber  die  Leberrooose  5:4,  ijff.,  31.   1879. 
>  Higher  Cryptogamia  117.  t86i. 
197]  [Botanical  Oaxette,  vol.  44 
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gonia.  They  are  fonned  in  the  same  manner  as  the  air  cavities  of  the  stem. 
At  the  first  appearance  of  the  air  cavity  one  epidennal  cell  only  detaches  itself  from 
the  underiying  tissue  of  the  receptacle.  By  repeated  transverse  diviwon  of  the 
mural  rows  of  cells  lying  between  the  air  cavities,  the  lid  of  the  cavity  is  carried 
rapidly  upwards.  This  epidermal  cell,  which  closes  the  air  cavity,  forms  itself 
into  a  stomate. 

HoFUEiSTER  also  s[>eaks  of  air  cavities  being  formed  in  the  "stem  " 
by  the  lifting-up  of  a  "single  layer  of  cells,"  of  which  the  central  one 
divides  to  form  the  ring  that  opens  as  a  stoma. 

This  conception  is  obviously  that  of  schizogenous  formation,  but  the 
separation  was  ascribed  to  the  upgrowth  of  the  lateral  walls  of  the 
chamber  as  the  base  and  roof  widen.  With  the  exception  of  the 
detachment  of  a  single  epidermal  cell,  what  Hofueister  describes 
actually  happens;  but  he  observed  only  the  later  stages  of  develop- 
ment and  not  the  origin  of  the  chambers. 

This  alleged  origin  was  accepted  by  Sachs  and  was  described  by 
him  in  the  Lehrbuch  der  Bolanik  of  1874,  whence  it  foimd  its  way  into 
the  English  edition,  issued  in  1882.  There  the  statement  occurs 
(under  the  topic  Intercellular  spaces,  be  it  noted): 

The  ejridennal  cells  become  detached  from  those  lying  beneath  over  rhom- 
boidal  areas,  which  are  marked  off  from  one  another  by  walls  fonned  of  cells  which 
are  not  detached. 

In  the  Appendix  (p.  948),  Vines,  who  had  seen  Leitgeb's  paper 
on  the  stomata  of  Marchantia,'  gives  a  very  brief  and  clear  outline 
of  the  formation  of  air  chambers  according  to  Leitgeb.  From  that 
time  to  the  present  Leitgeb's  views  have  prevailed,  being  repeated 
in  all  the  textbooks  as  settled  fact.  As  Campbell  in  the  new  edition 
of  Mosses  and  Jems  nowhere  definitely  describes  the  origin  of  air 
chambers,*  we  quote  and  translate  from  Goebel's  Organographie 
(p.  296): 

It  is  characteristic  of  the  Marchantiaceae  and  Ricdaceae  that  air  chambers 
are  found  in  the  nutritive  tissues.    These  arise,  as  LErrcEB  first  showed,  not  at 

3  Sitzb.  Kais.  Akad.  Wiss.  Wien  81:40-54.  pi.  i.  rSSo. 

•  Cahpbeu.  casually  uses  this  cxpressioD  {pp.  cit.,  p.  39)  regarding  Riccia  tricho- 
carfa:  "At  first  the  cells  of  the  young  thallus  are  without  inlercellular  spaces,  but  at 
an  eariy  period  the  outer  cells  of  the  youDg  segmeiits  separale  and  form  the  beginnings 
of  the  characteristic  air-spaces"  [italics  ours].  Inasmuch  as  Caupbell  follows  Lett- 
geb's  account  for  other  Ricciaceae,  so  far  as  he  givesany  description  of  the  air-chamber 
formatioD,  these  phrases  seem  to  have  been  accidentally  correct. 
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all  as  do  the  intercetlvilar  spaces  of  higher  plants,  by  the  cells  separating,  nor  even 
by  progressive  cleavage  from  outside  inward;  but  they  appear  oripnally  as 
depressions  in  the  surface,  which  arise  by  definite  points  (always  situate  where 
four  cells  meet)  lagging  in  growth  and  so  becoming  overgrown  by  the  adjacent 
paits. 

While  casually  following  the  development  of  the  spirelik.e  air 
chambers  on  the  gametophore  of  a  sf)ecies  of  Fimbriaria  collected  by 
Dr.  C.  J.  Chaubeblain  in  Mexico  in  1904,^  our  attention  was  attracted 
to  very  young  air  chambers  on  a  receptacle  still  very  small.  The 
"appearance  of  a  cavity  very  close  to  the  apical  ceU, and  relatively 
deep  in  the  tissue,  raised  a  doubt  as  to  the  possibility  of  its  having 
been  ovei^rown  so  promptly  by  adjacent  cells.  On  examining  this 
matter  in  the  thallus,  in  longitudinal  sections  through  the  apical  cell, 
what  we  saw  showed  that  a  reinvestigation  of  the  origin  of  the  air ' 
chambers  was  needed. 

Accordingly,  we  have  examined  as  many  of  the  Marchantiales 
as  have  been  easily  obtainable.  Although  we  have  not  studied  all  the 
members  of  the  group,  but  only  representatives,  the  facts  observed 
are  so  imiform  and  unambiguous  that  it  is  imlikely  there  is  any  other 
mode  of  origin  than  the  one  found  in  every  case  examined.  This 
expectation  derives  force  from  the  fact  that  our  examination  has 
covered  all  types  of  air  chamber,  and  that  Leitgeb's  extensive  obser- 
vations can  be  interpreted  (as  he  himself  confessed  in  regard  to  Mar- 
chantia  and  Preissia)  in  consonance  with  schizogenous  origin. 

Inasmuch  as  Leitgeb's  view  is  accepted  at  present  and  we  con- 
sider it  untenable,  we  quote  some  of  his  very  unequivocal  declarations, 
to  show  that  he  has  left  no  doubt  as  to  his  meaning.  Speaking  of 
the  Ricciaceae,  after  describing  the  quadratic  surface  mesh  formed 
by  the  walls  of  the  ceDs  near  the  growing  point,  he  says:' 

Soon  one  observes  at  the  conieis  small  pits,  which  arise  thus:  the  growth  of  the 
lateral  walb  of  the  otiter  celb,  in  so  far  as  concerns  the  direction  at  right  angles 

i  Probably  Fimbriaria  echituUa  Gottsche. 

^  Bald  bcmerkt  mao  an  den  Ecken  kleine  Griibchea  welche  dadurch  entstehen, 
dass  das  Wachslhum  der  Seiteawdnde  der  AusseDzellcn,  insoneit  als  es  sich  in  der  aui 
der  Dorsaldacbe  senkrechten  Richtimg  vollziebl,  in  den  Kanlen  geringer  isC,  als  an  den 
Qbrigen  Stellen.  Es  entspricht  dahcr  der  ticiste  Punkt  eines  Grilbchens  dem 
(ursprlinglich  an  der  OberflSf  he  gelegenen)  ausseisten  PunkCe  der  vetklinl  bleibenden 
Seitenkante,  und  die  das  GrUbchen  umgrecjenden  WandstUcke  sind  Theile  der 
UTsprUnglichen  Aussenw^de,  resp.  aus  diesen  bervorgegangcn.     Indem  nun  dicser 
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to  the  dorsal  surface,  is  less  at  the  oomeis  than  in  the  other  parts.  The  lowest 
part  of  a  pit  therefore  corresponds  to  the  outermost  point  of  the  lateral  wall, 
originally  lying  in  the  surface,  which  wall  remains  short,  and  the  parts  of  the 
wall  bounding  the  pit  are  parts  of  the  origmally  outer  walls,  or  have  arisen  from 
them.  If  ibis  mode  of  growth  be  continued,  the  pit  will  of  course  be  deepened. 
Now  there  occurs  in  each  ceU  a  division  parallel  to  the  surface,  which  separates 
approximately  the  part  surrounding  the  pit  from  the  inner  part.  From  the  exterior 
cell  thus  formed,  there  arises  the  whole  of  the  tissue  pervaded  by  air  chambers. 
First  of  all,  the  pit  becomes  farther  deepened  into  a  canal  by  progressive  grovnh 
in  the  same  direction,  and  now  there  follows,  in  each  outer  cell,  a  division  parallel 
to  the  earlier  one.  The  canal  nowpenetrales  two  layers  of  cells,  of  which  the  outer 
becomes  the  permanent  epidermis,  while  from  the  inner  arises  the  entire  tissue 
containing  the  air  chambers  lying  beneath  the  epidennis. 

He  continues:^ 

By  way  of  summary  of  the  fore^ing  exposition  of  the  formation  of  air 
chambers  and  stomata,  it  may  be  said  that  tht  air  chambers  do  not  arise  in  the 
tissue  by  the  separation  of  cells,  nor  by  a  progressive  splitting  from  outside  inward; 
but  that  they  represent  depres^ons  of  the  surface,  which  are  formed  by  definite 
pomts  of  the  surface  becoming  overgrown  by  the  mo;e  rapid  growth  of  neighbor- 
ing parts. 

This  investigation  Leitgeb  extended  by  a  study  of  the  stomata  of 
Marchantiaceae,  an  account  of  which,  published  in  1880  (I.  c,  foot- 
note 3),  was  reprinted,  with  only  a  few  unimportant  verbal  changes, 
in  the  last  part  of  the  Unlersuchungen.  After  declaring  the  homology 
jf  the  air  chambers  and  canals  of  Marchantiaceae  with  those  of 

Wachsthurovorgang  noch  wciter  eiogchalten  wird,  wird  das  GrUbcher  selbatverstandliih 
rertiefl.  Nuo  criolgt  in  j'eder  Zelle  eine  der  Oberfiachc  parallele  Theilung.  welche 
ingefahr  den  die  Gnibe  umgrenzenden  Theil  dtiselben  von  dcm  inneren  Theile 
kbschneidet.  Aus  den  so  entstandenen  Aussenzellen  geht  nun  das  ganze,  mit  Luft- 
"dumen  durchzogene  Gewebe  hervor.  Vorerst  wird  durch  das  in  gleicher  Richtung 
ortschreitende  Wachsthum  das  GrUbchen  weiter  vertielt  und  so  zum  Canale,  und  nun 
;r(olgt  in  jeder  Aussenielle  eine  der  frilhercn  parallcIc  Theilung.  Der  Canal  durch- 
lelzt  nun  zwei  Zelllagen,  deicn  ausserc  zur  blcibenden  Obcihaut  wird,  wahrend  aUs 
ler  inncren  Zellsthitht  die  ganze  unter  der  Oberhaut  liegende  Luflhohlenschichte 
lervorgeht, — Unlersuchungen  iiber  die  Lebcrmoose  4:10.  1879, 

'  In  Zusammenfassung  der  iiber  die  Bildung  der  Luftiaume  und  Spaltoffnungen 
^bcn  gcgebcnen  Ausfiihrungcn  ergibi  sich  also,  dsss  die  Luftkammem  nicht  im  Genebe 
lurch  Auscinanderweichen  der  Zellen  entstehen,  auch  nicht  durch  eine  von  aussen 
lach  innen  fortschreilendc  Spaltung;  sondcm  dass  sie  Einsenkungen  der  Oberfliiche 
larstellen,  die  dadurch  gcbildct  werdcn,  dass  l>cstimmtc  Punkte  der  OberflSche  durch 
■ascheres  Wachsthum  benathbarter  Partieen  Uberwachsen  werden. — I.  c,  p.  u. 
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Ricciaceae,  and  pointing  out  the  existence  of  intennediate  forms,  he 
says  :* 

Further,  there  does  not  occur  in  tlie  formation  of  the  air  chamber  any  separa- 
tion of  cells  previously  joined  witbout  interetices;  nor  does  the  roof  of  the  air 
chamber  (epidermis)  lift  itself  up  secondarily  from  the  underiying  tissues,  but 
it  is  formed  simultaneously  with  the  rudiment  of  the  air  chamber  and  grows  in 
breadth  at  equal  pace  with  the  broadening  chamber. 

Regarding  Preissia  he  repeats:" 

It  (the  formation  of  air  chambers)  begins  with  the  formation  of  superficial 
pits,  which  deepen  to  canals  that  later  become  dosed  again  outwardly,  as  in  the 
carpophore. 


I  have  not  discussed  hitherto  the  origin  of  these  primary  pits.  We  mtghl 
explain  them  by  the  splitting  of  the  membraiae,  i.  e.,  the  separation  of  cells;  and 
the  formation  of  aeratmg  apparatus  with  simple  openings  would  then  be  con- 


*  Es  findet  also  bei  Bildung  der  Luftk»mmer  eine  Trennung  friiher  interstitienlos 
verbundener  Zelten  nicht  statt,  und  die  den  Luftraum  nach  aussen  abschliesaende 
Dccke  (Oljerhaut)  hebt  sich  nicht  secundar  mm  darunter  liegenden  Gewebe  ab, 
sondem  de  bildet  sich  schon  lugleich  mil  der  Aniage  des  Luftniumes,  und  wSchst 
nach  Massgabe  seiner  Verbreiterung  ebentaUs  in  die  Breite. — Unteis,  iiber  die  Leber- 
moosc  6;6.   1881. 

<>  Sie  beginnt  mit  der  Bildung  von  oberflachlichen  Gr^bchen,  die  sich  zu  einem 
Canale  veniefen,  der  spSIer  wie  an  den  Fruchlktipfen  nach  aussen  wieder  veischlossen 
wird. — I.  c,  p.  g. 

'"Ichhabcbisjetzt  der  Art  der  EntstehungjenerprimarenGriibchen  nicht  Erwah- 
nung  gethan.  Wir  k6nnten  sie  durch  Spaltung  der  Membian,  d.  h.  durcb  Trennung 
der  Zellen  erklaren,  und  es  wurdc  dann  die  Bildung  des  mit  einfachen  Oeffnungen 
versehenen  Athmungsappa rates  als  Folge  einer  von  aussen  nach  innen  fortschreitenden 
Membranspaltung  zu  betrachten  scin,  wo  also  die  Bildung  der  Oeffnung  der  primare, 
die  der  Atiiemhohle  (Luftkammer)  der  secundare  Vorgang  ware.  Am  Idube  von 
MarchatUia  (und  Preissia)  wiirde  aber  zuerst  die  Atbcmhtthle,  und  zwar  wieder  durch 
Trennung  der  Zellen  (Membranspaltung)  crfolgen,  und  spaler  erst  wiirde  der 
Alhmungscanal — und  wie  die  Beobachtung  lehrt — von  innen  nach  aussen  fortschreitend 
gebildet  werden.  Fur  die  Oeffnungen  an  den  Fruchtkopfen  mlisste  man  selbslverstand- 
lich  annehmen,  dass  hier  ebe 
dass  die  Spalte  aber  spater  du 
um  erst  weit  spater  v,-ieder  ge, 

Ich  glaube  aber,  dass  eii 
isl,  die  Vorga^ge  von  einem 
sciieinbar  ganz  verschiedener 

Ich  habe  im  IV.  Hefte  n 
und  zu  begrunden  vereuchi,  c 
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sidered  as  a  result  of  progressive  cleavage  of  the  membranes  from  outside  inward, 
when  the  formation  of  the  opening  would  be  the  primary,  and  that  of  the  air  diam- 
ber  the  secondary  process.  So  on  the  frond  of  Marcbantia  (and  Preissia)  the 
air  chamber  would  arise  first  {and  indeed  by  cleavage  of  the  cell  walls),  and  only 
later  would  the  aerating  canal  be  formed  (as  to  fa«  observation  shows)  progress- 
ively from  inside  outward.  As  to  the  openings  on  the  carpophore,  one  of  course 
would  have  to  a&sume  that  here  likewise  the  cleavage  advaiices  from  outside 
inward,  but  that  the  cleft  later  disappears,  on  account  of  the  pressing  together  of 
the  ceUs,  and  only  much  later  again  becomes  opened. 

But  I  think  that  another  explanation  is  much  more  plausible,  because  it  b 
competent  to  consider  the  processes  from  a  standpoint  which  brings  them  mto 
hannony  with  other  entirely  different  structures. 

In  part  IV  of  my  Unttrsuckungen  I  have  set  forth  and  sought  to  establish  the 
view  that  each  primary  pit  is  not  formed  by  cleavage  of  membranes,but  arises  in 
consequence  of  peripheral  growth  in  thickness.  The  deepest  point  of  the  pit  thus 
docs  not  correspond  with  a  point  lying  originally  within  the  membrane  of  a 
lateral  wall,  i.  e.,  below  the  surface,  but  lay  originally  to  the  outer  surface,  and  the 
parts  of  the  wall  bounding  the  pit  are  therefore  parts  of  tbe  original  outer  walls, 
or  have  developed  from  them.  If  the  same  growth  process  (which  is  really  only 
accelerated  growth  in  area  of  the  originally  free  outer  walls)  proceeds  still  further, 
tbe  pit  will  be  deepened.  Now  as  the  air  chambers  (to  be)  arise  exclusively  by 
growth  m  area  of  the  parts  of  the  walls  boundmg  the  pits,  it  follows  that  they  must 
be  regarded  as  really  depressions  of  the  surface,  which  are  formed  by  certain 

tUDg  sicb  l»lden,  sondem  in  Folge.des  peripheiiscben  Dickenwachsthums  entstcben. 
Der  tiefste  Punkt  des  Griibchens  entspricht  somit  nicht  einem  uispriinglich  innerbalb 
der  Membian  einer  Seitenwand,  also  innerbalb  der  Oberfl&che  gelegenen  Punkt,  son- 
dem war  uisprtlnglicb,  in  der  AussenSache  gelegen  und  die  das  GrUbchen  urogebenden 
WandstUcke  sind  dahcr  Theile  der  ursprlinglichen  AussenwSnde,  respective  aus  ihnen 
hervOfgegangen.  Indcm  der  gleiche  Wachsthumsvorgang  (der  eigentlich  ja  nur  ein 
gesteigertes  FUcbenwachsthum  der  uisprilng^ichen  freien  Aussenwiinde  isl)  nocb 
weiter  eingehatlen  wird,  wird  das  Grtlbcben  vertieft.  Da  nun  die  spateren  Luft- 
kammem  ausschliesslich  durcb  Ftecbenwachsthum  der  die  Griibchen  begrenzenden 
WandstUcke  entslehen,  so  folgt  daraus,  dass  sie  eigentlich  als  Einaenkungen  der 
Oberflacbe  su  betrachten  sind,  die  dadurch  gebildet  werden,  dass  bestimmte  Punkte 
der  Oberflache  durch  lascheres  Wachsthum  benachlMrter  Fartien  Ubemachsen  werden. 
Es  trifft  hier  bestimnile  Punkte  der  OberflSche  ganz  dasselbe  Scbicksal,  wie  die  anfanip 
sogar  liber  die  Oberfliche  bervorrageaden  Mutterzetlen  det  Geschlechtsorgane,  welcbe 
ja  ebenfalls  durch  Ueberwachsen  ins  Gewebe  veisenkt  werden.  Die  HiibluDgen,  in 
welchen  die  Antheridien  und  Archegonien  i.  B.  bei  Riccia  liegen,  entsprechen  in  ihrer 
Bildung  voUkommen  den  Luftkammernrund  da  beide  ^eichzeitig  angelegt  werden. 
mUssen  sie  auch  in  gleiche  Tiefe  in  das  Gewebe  hineinreichen,  mit  andern  Worten,  die 
Ba^  der  Geschlechtaorgane  liegt  in  gleicbem  Tiefe  mit  der  inoem  Bcgrenzung  der 
Lufti^ume,  und  wo  die  Organc  zu  Standen  zusammentreten,  sind  diese  ihier  ganzen 
Hefe  nach  von  Luftkammem  durcbzogen  und  sitzen  unntittelbar  dem  int 
losen  Gewebe  aul, — I.  c,  p.  9. 
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points  of  the  surface  becoming  overgrown  by  reason  of  the  more  rapid  growth 
of  oeighboring  parts.  There  befolls  these  points  quite  the  same  &te  as  overtakes 
the  motbei  cells  of  the  sex-organs,  which  at  fiist  indeed  project  above  ibe  suri.ioe, 
but  likewise  become  sunk  in  the  tissue  by  being  overgrown.  The  hollows  in  which 
lie  the  antberidia  and  archegonia  (e.  g.,  of  Riccia)  correspond  completely  in 
their  formation  with  the  air  chambers;  and  as  both  are  laid  down  simultaneously, 
they  must  attain  an  equal  depth  in  the  tissues;  in  other  words  the  base  of  the  sex- 
organs  lies  at  the  same  level  as  the  inner  boundary  of  the  air  chambers;  and  where 
the  sex-organs  are  aggregated  in  groups,  they  are  surrounded  for  their  whole 
length  by  air  chamben  and  are  seated  directly  upon  the  compact  tissue. 

There  is  no  doubt  as  to  Leitgeb's  meaning,  for  he  has  both  put 
his  declaration  positively  and  denied  categorically  the  other  possible 
modes  of  origin.  Yet  it  is  clear,  both  from  his  figures  and  from  his 
description,  that  he  saw  many  clefts  which  can  be  most  easily  inter- 
preted as  due  to  splitting;  but  apparently  he  did  not  in  all  cases  see 
the  earliest  stages  of  the  air  chambers,  which  can  be  interpreted  in  no 
other  way.  It  is  not  surprising,  however,  that  so  good  an  observer 
missed  them,  as  he  had  at  his  command  almost  none  of  the  modem 
technique.  Rather  it  is  surprising  that  he  saw  so  much  and  so  accu- 
rately, for  with  the  best  technique  it  is  not  easy  to  discern  the  first 
cleavage. 

A-priori  reasoning,  weak  as  it  is,  creates  suspicion  of  the  correct- 
ness of  Leitgeb's  view,  and  no  figure  of  his  shows  any  condition  that 
cannot  be  interpreted  in  consonance  with  schizogenous  origin.  It 
is  peculiarly  difficult  to  conceive  of  a  mode  of  growth  such  as  he 
describes,  for  nothing  like  it  is  known  elsewhere.  If  the  lowest  point 
of  the  pit  is  a  point  which  originally 
lay  in  the  surface,  and  there  is  no 
cleavage,  then  the  progressive  forma- 
tion of  the  pit  must  be  somewhat  as  in 
fig.  I.  In  such  a  process  the  pit  must 
be  very  slentJer,  as  otherwise  the  wall 
would  show  a  reentrant  angle;  indeed,       .  .^'"i  ';  ~  °'*^"'  °U^ 

°     '  '      ongin  of  air  chambers  according 

it  is  difficult  to  see  why  the  pit  would     n,  leitoeb. 
not  be  closed  by  tui^r  as  fast  as  the 

adjacent  cells  grew  up,  imless  one  predicates  rigidity  at  the  base  of 
the  dome  or  a  rapid  growth  at  the  very  surface  in  which  the  upgrowing 
cells  did  not  share.    When  ready  for  the  divisions  which  are  to  pro- 


>v  Google 


a04  BOTANICAL  GAZETTE  [septembeb 

vide  a  roof  for  the  widening  chamber,  the  form  of  the  cell,  necessary 
under  this  mode  of  growth,  would  seem  almost  to  preclude  so  unequal 
a  division  (4,  fig.  i).  Certainly  if  the  pit  were  open  at  the  time  the 
first  division  took  place,  the  ceUs  cut  off  could  only  close  it  by  later 
growth.  As  a  matter  of  fact,  in  Leitgeb's  plates  no  such  stages  as 
we  have  sketched  are  shown;  yet  if  the  pit  is  formed  as  he  says,  they 
should  be  found.  In  spite  of  diligent  search  we  have  seen  nothing 
that  could  possibly  be  interpreted  so. 

Moreover,  it  is  easy  to  see  that  Leitgeb  was  misled  by  his  desire 
to  homologize  the  formation  of  air  chambers  with  the  formation  of 
pits  for  the  sex-organs.  So,  though  he  admits  seeing  the  primary 
formation  of  intercellular  spaces  in  Marchantia,  Freissia,  and  Plagio- 
chasma,  he  deliberately  rejects  the  obvious  explanation  of  splitting. 
He  did  this  in  order  to  apply  to  Marchantiaceae  the  idea  he  had  con- 
ceived for  Ricciaceae.  So  if  it  can  be  shown  in  Ricciaceae  that  the 
intercellular  space  is  formed  by  cleavage,  and  then  splits  out  to  the 
surface,  the  immediate  reason  for  such  distortion  will  have  been 
cleared  away,  though  it  cannot  be  justified.  Havii^  homologized 
the  air  chamber  and  sex-organ  pit  in  Ricciaceae,  he  applied  the 
explanation  perforce  to  Marchantiaceae. 

Now  in  the  case  of  sex-oi^ans,  it  is  easy  to  understand  how  the 
rudiment  can  be  overgrown  and  left  in  a  pit,  since  the  growth  of  a 
whole  cell  line  is  retarded,  while  its  neighbors  surpass  it.  The  initial 
at  first  grows  more  rapidly  than  do  the  adjacent  cells  of  the  thallus, 
the  protuberance  and  finally  the  protrusion  of  the  initial  being  the 
visible  evidence  of  its  more  rapid  growth.  Later  the  adjacent  cells 
outgrow  the  sex-organ  and  it  becomes  "  sunk  "  in  the  thallus. 

But  in  the  matter  of  air  chambers  is  involved  the  retardation  or 
the  cessation  of  growth  in  a  very  limited  part  of  the  walls  belonging 
to  four  contiguous  cells,  while  all  the  rest  of  these  four  walls  and  the 
remaining  sixteen  grow  throughout,  and  all  decidedly  outgrow  the 
lagging  portion  of  the  four!  While  such  a  thing  is  not  impossible, 
it  is  wholly  improbable  and  needs  to  be  supported  by  most  convincing 
evidence.  Such  evidence  Leitgeb  nowhere  presents,  either  in  text 
or  figure.  We  propose  to  show,  on  the  contrary,  that  the  assumption 
of  such  peculiar  lagging  is  unnecessary,  because  all  the  observed 
structures  can  be  produced  by  common  splitting,  and  the  earlier  stages 
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Fig.  3 — Riccia 
r,  1,  air  chambcis;  ' 


apical  cell  (?); 
young  archegonium. 


can  be  produced  in  no  other  way.  In  presenting  the  evidence  we 
have  selected  only  a  few  examples,  and  show  in  the  drawings  merely 
the  walls,  since  to  show  the  cell  contents  would  only  obscure  the 
essential  features. 

In  the  Ricciaceae  we  have  examined  only  Riccia  fiuitans  and  R. 
natans,  in  which  the  origin  of  the  air  chambers  is  exactly  alike,  though 
the  later  course  of  development  seems  to  be  different.  The  origin 
of  both  is  certainly  by  internal  cleavage,  and  it  is  quite  evident  that 
the  air  chamber  is  wholly  unrelated  to  the  sex-oi^an  pit.  Fig.  2 
furnishes  conclusive  evidence 

on   both   points.     An  apical     -1 — rT~T — y -t — -,~/\\? 

cell  ( ?)  is  at  a;  at '  is  a  young 

cleft  and  at  *  an  older  one, 

which  has  promptly  broken 

out  to  the  surface;  while  S  is 

a  young  archegonium.    The 

fact  that  this  organ  is  not  yet 

overgrown   by  the  adjacent 

tissues,  while  the  air  chamber  ^  is  clearly  defined,  shows  forcibly 

how  Leitgeb  erred  in  homologizing  the  sex-organ  pit  and  the  air 

chamber.  In  figs,  j,  4,  further 

stages    of    development    are 

shown  and  also  the  tendency 

of   the    spaces    to    close    at 

certain    points,    p,   both    at 

surface  and  internally  by  the 

outgrowth  of  cells. 

The  peculiar  form  of  the 
thallus  and  the  sudden  tume- 
faction of  the  tissues  in  RiccUi 
natans  makes  it  very  difficult 
to  trace  the  history  in  detail,  and  we  are  not  prepared  to  make  any 
statement  at  present  as  to  the  later  course  of  development  of  the 
air  chambers.  The  system  appears  to  be  a  complicated  one;  there 
is  rapid  enlargement  of  primary  spaces,  probably  accompanied  by 
secondary  cleavage  and  partitioning  of  the  chambers. 

In  Marchantia  the  splitting  does  not  take  place  so  early  in  the 


Fio,  3. — Rieeia  naians.  Older  air  cham- 
bers; i,  internal;  at  p,  p,  partial  closure  of 
passage  by  ou [growing  cell. 
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Fig.  4. — Riccia  natant.     Nearly  mature  air   chamber, 
superficial  and  btemal,  primary  and  secondary. 


history  of  any  segment  and  the  enlargement  of  the  intercellular  spaces 
proceeds  much  more  slowly.    Moreover,  the  structure  of  the  thallus 

makes  it  easier 
to  secure  sections 
through  the  apical 
region,  so  that  one 
may  readily  ob- 
serve the  origin 
and  follow  the  de- 
velopment of  the 
air  chamber.  It 
seems  probable 
from  our  observa- 
tions that  the  time 
and  place  of  the 
first  splitting  is 
somewhat  variable,  depending  upon  the  relation  between  cell  division 
and  enlargement. 

The  normal  position  of  the  cleft  is  either  in  the  center  of  a  segment 
of  the  apical  cell  near  the  surface  or  in  the 
center  of  one  or  another  of  its  primary  sur- 
face segments 
formed  by  a 
further  dvision. 
Apericlinal  divi- 
sion of  the  seg- 
ment may  cut  it 
into  a  superficial 
and  an  internal 
cell.  This  super- 
ficial cell  isoften- 
est  the  mother 
cell  of  the  cham- 

Fic.  6.—Marchanfia  poly-     \xr(fig.g).  Then 

morfha:  a,  apical  cell;  2,  J,     two  anticlinal  vralls,  '  *,  and  another,  ', 
air  chambers.  .^  ^j^^  ^1^^^^  ^f  ^^^  drawing,  divide  this 

"mother  cell"  into   four,  a  dextral  and  sinistral,  an  anterior  and 


Fig.  5. — MoTckatiiia  poly- 
\orpha:  a,  apical  cell;  I,  i, 
,  air  chambeis. 
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Fig.  7. — MarcharUia 
polymotpha :  a,  apical  cell ; 
2,  J,  air  chambeiB ;  at  I 
due  after 
T  cells. 


a  posterior  cell.  Each  is  then  divided,  in  the  plane  *  *,  into  a 
superficial  and  an  interna]  cell  by  a  periclinaJ  division,  and  at  the 
intersection  of  these  last  walls  with  the  preced- 
ing anticlinal  one,  ^  ^,  the  split  usually  occurs. 
This  is  promptly  followed  by  divisions,  ^  ^, 
to  form  the  cells  of  pore  margin  and  roof. 
In  jig.  5  the  four  nuclei  mark  the  place  of  the 
split;  for  were  the  division  in  progress  com- 
pleted, the  cleft  would  appear  at  the  comer 
(x>mmon  to  these  four  cells. 

There  is  also  more  or  less  variation  in  the 
course  of  development.   Sometimes  the  nascent 
chamber  breaks  out  to 
the    surface    and    re- 
mains wide  open   for 
a    time    (fig-   7,   '^Y, 
sometimes  (and  more     ^'  ''" 
commonly)     divisions     division 
Fio.    &.-Marcka«iia    ensue  so  promptly  in, 
poiymorpha:  1, 2,  aircham-    the  cells  above  the  primary  deft  that  the 
beis;  a  shows  tardy  divi-    (^         ^f  ^^  ^^^^y  formed  ceUs  keeps  the 

sion of  roof  cells.  ^  ,         ,     ,   "'         ,        ,      .      .  ,, 

passage    closed    from   the   beginmng    {pgs. 

^>  ';   *.*■')■     These    quickly  divide   {figs. 

'^y  ';  7t  ';  9)  and  by  repeated  divisions  give 

rise  to  the  roof  and  the  pore  margin  {fig.  lo) 

of  the  well-known  form. 

A  comparison  of  these  figures  with  fig.  17, 
plate  12,  of  Leitgeb's  Unlersuchungen,  and 
the  earlier  figures  of  his  paper  on  the  stomata 
of  Marchantia  (/.  c,  footnote  3),  shows 
clearly  enough  that  he  saw  essentially  similar 
stages,  though  probably  not  such  early  ones 
as  we  indicate.  It  was  chiefly  in  the  interpre- 
tation of  his  observations  that  he  went 
astray. 

In  Lunularia  the  process  is  similar  in  all 
respects  to  that  in  Marchantia,  though  the  material  available  was 


Fig.  9.  —  Marchantia 
poiymorpha.  Diagram  of 
the  course  of  nonnal  divi- 
sioD  of  the  "motbercell"  of 
an  air  chamber;  the  Dum- 
bers  show  the  sequence 
of  walls. 
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not  as  vigorous  as  could  have  been  desired.  The  splitting  is  prompt 
and  the  divisions  follow  so  quickly  that  the  roof  and  cells  of  the 
pore  margin  are  soon  completed  {jig.  ii). 
In  Conocephalus  also  the  formation 
of  the  air  chamber  is  rapid  {figs.  I2,  ij) 
and  the  details  are  not  as  regular  and 
therefore  not  as  easy  to  follow  as  the 
Marchantia.  After  the  initial  cleft  has 
extended  to  the  surface  {jig.  iz,  *)  the 
expansion  of  the  tissues  at  first  outstrips 
the  divisions  which  are  to  produce  the  roof,  so  that  the  chamber  is 
open  {jig.  12,  "■*,  fig.  ij,  *■*},  Later  the  roof  doses  the  chamber, 
perhaps  intermittently  (Jig.  i2,  *,  fig.  ij,  *■ '),  which  only  becomes 


FlC.  lo. — Marchantia  fcly- 
morfha.  Formation  of  the  pore 
margin,  with  complete  closure. 


Fig.  II. — Lunularia  vvigans:  a,  Fig.  ii. — Conocephalus 

apical  cell;   b,  c,  successive  segments;      cell;   1-6,  air  chambers. 
I,  2,  3,  air  chambers. 


permanently  open  when  the  divisions  for  the  pore  mai^in  begin  {fig. 

Dumortiera  {figs.  14,  15)  forms  air  chambers  that  later  disappear 
more  or  less  completely,  leaving  only  traces  of  their  rhomboidal  out- 
lines on  the  surface."    The  plants  grow  in  very  damp  places,  and  all 

"  Campbell  found  no  evidence  of  air  chambers  in  Z)./ri£Ao«f  Wo,  which  we  have 
not  seen.     Il  would  be  very  remarkable  if  the  early  stages  were  wholly  wanting. 
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the  tissues  conceraed  with  the  formation  of  air  chambers  have  an 
oedematous  look,  being  soon  greatly  swollen,  with  scanty  contents. 


Fig.  13. — Coneceflmliis  amicus:  a,  apical  cell;  1-7,  air  chambera. 

In  consequence  of  the  excessive  turgor,  apparently,  the  splitting  is 
very  prompt  and  complete,  so  that  the  young  internal  space  is  difficult 
to  find.  The  air  chambers  de- 
velop rapidly,  and  "blow  up," 
so  to  speak,  within  a  short  dis- 
tance of  the  apex,  only  the  ragged 
walls  and  roofs,  in  section  b'ke  a 
letter  Y,  remaining  for  a  time. 


Fig.  14. — Dumortitra    hUpida  (?):  Fig.  15. — Dumortitra  hispida.   Older 

a,  apical  region;  I,  2,  air  chambers.  air    chambers,    defonned    by    e»:esaive 

turgor. 

It  will  be  observed  that  the  air-chamber  region  in   Marchantia, 
Lunularia,   Conocephalus,   and  Dumortiera  is  superficial.     By  no 
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Fig.  i6. — FinATiaria  eckinelta:  a,  apical  cell;  b-t,  succes- 
sive segments;  I,  2,  air  chambeis;  in  J  a  secondary  deep- 
seated  cleft. 


means  all  of  the  tissues  arising  from  the  dorsal  segments  of  the  apical 
cell  show  splitting,  but  much  the  greater  part  is  compact,  with  no  inter- 
cellular spaces  of 
any  kind.  In 
Fimbriaria  and 
Plagiochasma, 
however,  the 
splitting  involves 
all  the  tissue 
which  arises 
from  the  dorsal 
segments  of  the 
apical  cell,  so 
that  a  much 
greater  part  of 
the  thallus  is  permeated  by  extensive  and  irregular  air  passages  (fig. 
i6),  which  make  it  almost  as  spongy  as  Ricciocarpus. 

In  Fimbriaria  the  primary  splitting  usually  begins  between  the 
cells  arising  from  successive  segments  {fig.  i6,  '•  -,  where  •  lies 
between  segments  c  and  d,  and  ^  between  d  atid  e).  Later,  and  often 
deep  in  the  tissue,  secondary  splitting  gives  rise  to  intercellular  spaces 
which  may  reach  the  surface  or  may  break  into  a  primary  space. 

In  Plagiochasma  the  splitting  is  likewise  more  pronounced  between 
the  offspring  of  different  segments  (fig.  i/),  but  the  secondary  splitting, 
if  such  it  may  be 
called,  -  occurs  so 
promptly  and  be- 
comes so  extensive 
as  to  be  hardly  dis- 
tinguishable from 
the  primary  (figs.  18, 
19,  »«■*").  The 
air       passages        are  ^la.   17.  — Plagiochasma  sp:   a,   apical   cell;    1-3, 

open  almost  or  quite      air  chambeis. 

uninterruptedly  until 

the  pore  margin  is  well  begun  (fig.  so).    There  is  never  a  wide  and 

shallow  chamber,  over  whose  increasing  area  a  roof  forms,  pari  passu; 
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but  the  passages  are  always  deep  and  narrow,  with  hardly  more  than 
the  pore  margin  for  a  roof  {jig.  21).    There  are  many  spaces  near  the 


Fic.  j8. — Plagiachasna  sp.:  a,  apical  cell;   1-5,  air  chambers;  4a  secondary 
splitting  between  primaiy  clefts  4,  5. 

surface  which  have  no  direct  opening  by  pore  (fig.  22,  c).  These 
connect  doubtless  with  the  spaces  that  do  have  pores  {fi^g.  22,  d). 
Whether  partitioning  of  the  chambers  occurs,  as  described  by  Leitgeb, 


Fig.  ig. — Plagii>chaima  sp.:    a,  apical  ccM;    1-4,  air  cbambets;   Jo,  secondary 
splitting. 

by  the  outgrowth  of  cell  plates  in  Plagiochasma  and  in  Rlcdocarpus, 
we  have  not  fully  determined,  though  it  appears  probable;  but  the 
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formation  of  the  aerating   system  is  mainly  due  to  splitting  and 

growth. 

How  Leitgeb  discounted  the  evidence  of  his  eyes  is  well  shown 
in  the  case  of  Plagiochasma, 
in  which  he  saw  and  figured 
intercellular  spaces,"  as  to 
which  he  remarks:'* 

In  P.  AiUmia  they  (the  air 
diambers)  appear  in  both  longi- 
tudinal and  cioss- sections  very 
oommoniy  in  the  form  of  eztremelj 
small  intercellular  spaces,  like 
those  in  ordinary  parenchyma, 
and  Ofit  could  scarcdy  dismiis  the 
idea  that  they  an  formed  by  cleav- 
age in  originally  compact  Htsue,  did 
^'"^  not  corresponding  relations  in  other 
species  speak  against  thb  interpre- 


FlG.  20. — plagiochasma  s 
of  pore  margin. 


As  a  matter  of  fact,  corresponding  relations  in  other  species  do  not 
speak     against    this    in 
terpretation,     but     con- 
firm it. 

Finally  we  may  point 
outthat.insteadofhomol- 
ogizing  the  formation  of 
the  air  chambers  in 
Marchantiales  with  the 
fonnatioQ  of  sex-organ 
pits,  which  it  required 
considerable  distortion  of 
the  facts  to  do,  we  have 

brought  their  origin  into  ^"O-     "-  —  Plagiochasma    sp.      Pore  margin 


line  with  the  much  more 


implete. 


>'  Untersucliungen  Uber  der  Lebermoose  6:^.  I.  fig.  4. 

'i  Bei  PI-  Aiionia  erscheinpn  dieselben  sn  Ijings-  wie  Querschnitten  sehr  h&ufig 
in  Form  ausseist  kleincr  InteicellularTiiume,  wje  sie  im  gew5hnlichcn  Parencbym 
voTkoramen  undman  ktinnte  die  Aiuiahme.sieentstlnden  durcb  Spaltungen  in  uisprilng- 
lichem  fest  gefugtem  Gewebe,  kaum  von  der  Hand  weisscn,  wenn  nicht  die  entsprccb- 
enden  Verhalmisse  bei  den  Qbrigen  Atten  gegen  diese  Deutung  sprechen  wiirden. — 
/.  c.  p.  64. 
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general  phenomenon,  the  formation  of  schizogenous  interceUular 
spaces. 

Our  conclusions  may  be  summarily  stated  thus:  The  air  chambers 
of  Marchantiales  arise  invariably  by  the  splitting  of  internal  ceE 
walls,  usually  at  the  junction  of  the  outermost  and  first  internal 


Fig.  13. — Plagiechasma  ap.:    o,  ajr  chamber  opening   thiough  porci    c,  dosed 
chamber. 

layer  of  cells.  Thence,  in  one  type  splittii^  proceeds  outwardly 
and  inwardly  more  extensively  than  laterally,  and  lateral  enlargement 
of  the  chamber  follows  by  growth;  while  in  the  other  type  expansion 
of  the  chamber  is  due  to  extensive  inward  splitting  accompanied  by 
growth.  The  origin  of  the  air  chamber  is  m  aU  respects  like  that  of 
intercellular  spaces  in  the  vascular  plants. 
The  UNivERSirv  of  Chicago 

Note. — The  figures  are  all  drawn  to  the  same' scale  and  appeal  here 
magnified  about  550  diameters. 
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THE  DEVELOPMENT  OF  THE  SPORANGIUM  OF 
LYGODIUM 

CONTRIBUTIONS  FROM  ,THE  HULL  BOTANICAL  LABOBATOEY,  lOI 

R.    BiNFOKD 

(with  thirty-seven  figures) 

In  his  "Studies  in  the  morphology  of  spore-producing  members" 
(No.  IV},  Bower  suggests  a  line  of  evolution  from  the  Marattiaceae 
to  the  Polypodiaceae,  with  the  Osmundaceae,  Schizaeaceae,  Glei- 
cheniaceae,  Cyatheaceae,  Hymenophyllaceae,  and  related  forms  as 
representatives  of  intermediate  types.  The  Marattiaceae  and  Poly- 
podiaceae are  well-worked  groups,  but  the  intermediate  forms  are 
not  so  well  known.  Lygodium,  one  of  the  Schizaeaceae,  has  been 
chosen,  therefore,  for  the  present  study. 

In  his  classical  work  on  this  family,  Prantl'  considered  the 
morphology  and  the  taxonomy  of  the  whole  family.  His  description 
of  the  sporangium  of  Lygodium  is  here  verified  except  m  one  point, 
which  will  be  mentioned  later.  The  present  work  calls  attention  to 
some  points  that  have  not  been  noted  in  other  studies  and  emphasizes 
some  that  have  been  quite  neglected. 

The  material  of  the  present  study  came  from  the  Philippine 
Islands  and  was  collected  by  Dr.  H,  N.  Whttford  on  Mount  Mari- 
veles,  Province  of  B^taan,  Luzon,  and  was  sent  to  the  University  of 
Chicago  for  demonstration  purposes.  The  species  described  in  the 
paper  is  L.  (ircinalum;  but  L.  flextiosum  was  also  examined  and  found 
to  be  somewhat  less  variable. 

Arrangement  and  order  of  sporangia. — The  sporangia  are  in 
two  rows  on  the  ventral  surface  of  the  fertile  lacinia,  and  are  solitary, 
i.  e.,  there  is  only  one  sporangium  in  a  sorus;  Prantl  calls  this  a 
"monangial"  sorus.  The  indusium  grows  out  around  the  spo- 
rangium so  as  to  form  a  pocket  open  toward  the  apex  on  the  ventral  side 

'  Untenuchungcn    zur   Morphologic   der    GefSsskrypiogamea.     i.  Heft.      Die 
Schizaeaceen,  morpbobgisch  und  systemaiisch  bearbeitct.     Leipzig.     1881. 
Botankil  OaMtte,  vol.  44I  ]2i4 
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of  the  leaf  (figs,  i,  2).  The  sporangia  arise  in  acropetal  succession  on 
the  margin  of  the  lacinia  {fig.  j).  The  initial  cell  of  the  sporangium 
appears  as  a  marginal  cell  near  the  apex  of  the  pinnule;  and  at  first 
it  projects  obliquely  outward  and  forward.  The  indusium  arises 
from  the  edge  and  ventral  surface  of  the  pinnule  basal  to  the  sporan- 


FlG.  t.  Two  pinnules  bearing  sporangia  (ventral  surface).  X13. — Fig.  3.  Dor- 
sal surface  of  a  pinnule.  X13. — Fig.  3.  A  longiludinal  section  of  a  pinnule  showing 
the  sporangia. — Fic.  4.  A  longitudinal  section  of  a  pinnule  showing  the  apex  and  an 
eaily  stage  in  the  development  of  a  sporangium  and  indu^um. 

gium  {fig.  4).  The  growth  of  the  indusium  out  from  the  edge  of  the 
pinnule  carries  the  base  of  the  sporangium  out,  as  shown  in  fig.  3,  so 
that  it  projAts  forward  or  slightly  in  toward  the  costa.  The  part  of 
the  indusium  which  arises  from  the  ventral  surface  grows  out  and  for- 
ward so  as  to  cover  the  sporangium  on  the  ventral  side,  but  on  the 
dorsal  side  it  is  exposed  for  some  time  {figs.  5,  6).  Later  a  forward 
growth  of  lamina  incloses  the  sporangiimi  {fig.  3),  and  carries  its  base 
forward  so  that  it  projects  in  a  ventral  direction.    It  has  thus  been 
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shifted  from  a  marginal  to  a  ventral  position,  and  finally  stands  at 
nearly  a  right  angle  to  the  plane  of  the  lacinia. 

As  stated  above,  the  initial  cell  of  the  sporangium  appears  near  the 
apex  of  a  fertile  portion  of  the  leaf  {figs.  7, 8,  g).  A  part  of  one  of  the 
segments  of  the  apical  cell  enlai^es  and  an  oblique  wall  cuts  in,  either 


Fig.  5.  The  ventral  side  of  a  pinnule  showing  that  the  sporangia  are  soon  covered 
by  the  indusium.  X 130. — Fig.  6.  The  dorsal  side  of  a  pinnule  showing  the  sporangia 
not  covered  by  the  indusium.  X  190. — Fig.  7.  The  apex  of  a  pinnule  showing  an 
initial  spoiangial  cell.  X980. — ^FlG.  8.  A  longitudinal  section  of  a  pinnule  showing 
the  apical  cell  and  a  sporangial  initial. — Fic.  9.  An  initial  cell,  s;  and  the  beginning 
of  the  indusium,  a. — Fic.  10,  The  first  division  of  the  initial  cell,  the  first  wall  coming 
in  on  the  anterior  side,  o,  initial  cell;  1,  first  cell  cut  off.  X980.— Fig.  ri.  The  first 
division  of  the  initial  cell,  the  first  wall  coming  in  on  the  basal  side.  X980. — Fig.  11. 
A  section  showing  the  first  and  second  cells  cut  oS  from  the  initial  celt.   X9S0. 

from  the  front  or  back,  as  shown  in  figs.  10  and  //.  A  second  wall 
comes  in  on  the  opposite  side  from  the  first  and  at  its  lower  edge  sets 
upon  the  first  {fig.  12) ;  the  third  wall  is  parallel  with  the  first  and  sets 
upon  the  second  (figs.  13, 14),  showing  a  dolabrate  apical  cell,'    These 

>  I  use  the  term  proposed  by  Professor  Barnes  as  an  equivalent  of  the  German 
cwei-sehntidigt,  instead  of  the  unfortunate  translation  "  two-sided." 
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walls  are  usually  at  right  angles  to  the  plane  of  the  leaf.    These 
divisions,  which  are  peculiar  ones  in  the  ontogeny  of  a  sporai^ium. 


.  The  third  division  of  Ihe 
X9S0.— Fig.  14.  The  third 
rapletcd.  X980,— Fic.  15.  A 
jwing  (he  cap  cell  cut  off  hj 
division. — Fic.  16.  A  section 
e  cap  cell  and  a  division  of  a 
X980.— Fio.  17.  A  section 
liar  to  the  surface  of  the  leaf 
le  long  ans  of  the  cap  cell. 

may  be  the  result  of  the  marginal  initial  cell.  This  question 
naturally  arises:  Is  the  position  of  this  cell  such  that  the  conditions 
which  determine  the  direction  of 
walls  caimot  produce  the  usual 
tetrahedral  form?  I  know  of 
no  other  fern  which  has  the  spo- 
rangia arising  on  the  margin  of  a 


Fio.  iS.  A  longitudinal  section  of  the  stalk  of  the  sporangium  showing  the  stalk 
to  be  very  short. — Flo.  19.  A  cross-section  of  the  stalk.  X980. — ^Fio.  ao.  A  section 
of  a  sporangium  showing  the  early  division  walls  of  the  stalk  and  wall  ceUs, 

layer  of  tissue  one  cell  thick.    I  found  one  instance  in  which  the  walls 
were  not  at  right  angles  to  the  lamina  of  the  pinnule. 
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in  the  sporogenous  mass  up  to  the  mother-cell  stage,  and  then  a 
large  growth  of  the  sporangium  wall.  When  the  spore  mother  cells 
have  rounded  off  and  the  tapetum  has  entered  in  between  them,  con- 
ditions are  good  for  the  growth  of  these  cells  and  the  spores,  which 
then  grow  rapidly.  Thus  we  have  an  alternating  growth  between 
the  sporangium  wall  and  the  spores,  which  relieves  the  nutritive 
strain. 

The  wall. — The  outer  wall  of  the  sporangium  is  formed  mostly 
from  the  cap  cell  {figs.  31,  32).    The  first  wall  formed  in  the  cap  cell 


Fic.  31.  A  section  showing  the  cells  derived  from  the 
cap  cell  arched  over  the  sporangium  from  c  to  c.  X980. — 
Fig.  33.  A  section  of  a  sporangium  somewhat  older  than 
the  one  shown  in  fig.  3'-  X980,— Fig.  33.  A  section  of  a 
sporangium,  cut  parallel  with  the  surface  of  the  leaf,  showing 
the  first  division  of  the  cap  cell.   XpSo. 

is  said  by  Prantl  to  be  parallel  with  the  leaf  surface,  but  I  find 
that  its  position  varies.  Fig.  jj  is  from  a  section  cut  parallel  with  the 
leaf  surface  and  it  is  here  seen  that  the  first  wall  is  perpendicular  to 
plane  of  the  lamina. 

The  amiulus  appears  as  a  circle  of  cells,  one  to  three  cells  wide, 

on  the  costal  side  of  the  sporangium  {figs.  2g,  jo).    These  cells  become 

much  elongated  in  the  direction  of  their  axes,  which  are  parallel  with 

tKo  ennr-ingiuiQ  wall  and  wltfa  thc  cell  walls  which  separate  them  one 

ither.     This  development  gives  the  sporangium  a  beaked 

;.     The  ring  is  widest  on  the  upper  side,  where  the  thick- 

5  of  the  annulus  extend  out  along  the  sides  of  the  stomium, 

;rpendicular  to  the  annulus  and  in  the  median  plane  of  the 

n.     On  the   upper  side   the  ring  is  three  cells  wide;  on 


>v  Google 


1907]  BINFORD— SPORANGIUM  OF  LYCODIUM  J2I 

the  under  side  it  is  only  one  cell  wide.  In  this  species  the  length  of 
the  annulus  cells  varies  somewhat,  so  that  the  line  which  is  the  border 
of  the  ring  is  rather  irregular. 

The  number  of  wall  cells  included  within  the  annulus  at  the  apical 
end  is  twelve  to  seventeen. 

The  sporogenoos  mass. — The  first  division  wall  of  the  arche- 
sporium  is  usually  perpendicular  to  the  loi^est  axis  of  the  central 
cell  (fig.  31),  which  is  at  first  perpendicular  to  the  leaf  surface.  Other 
divisions  are  quite  irregular,  but  some  appear  curved  and  parallel 
with  the  first  walls  of  the  initial  sporangial  cell  {fig.  28).  The  out- 
line of  the  spoiogenous  mass  becomes  very  irregular  {figs.  27,  28,  29), 
and  the  tapetal  cells  thus  dip  down  into  it;  this  makes  possible  a 
better  nourishment  of  the  sporogenous  mass. 

The  sporogenous  mass  is  rather  large  an,d  made  up  of  large  cells; 
I  have  counted  as  many  as  seventy-two  mother  cells,  but  sixty-four 
seems  to  be  the  usual  number.  The  number  of  spores  per  sporangium 
is  242  to  258  by  actual  count.  Some  of  the  mother  cells  become 
sterilized  and  function  as  nutritive  cells  (jig.  34).  The  mother  cells 
and  newly  formed  tetrads  occupy  but  a  small  portion  of  the  cavity  of 
the  sporangium  (fig.  30).  After  the  spores  are  formed  there  is  a  great 
increase  in  their  size,  so  that  they  finally  fill  the  large  sporangium. 
The  average  diameter  of  the  spore  mother  cell,  newly  formed  tetrad, 
and  mature  spore  are  respectively  o  025"'",  0.028'"",  and  0.075"". 
Occasionally  a  dwarf  spore  is  found. 

Sterile  sporangia. — The  growth  of  the  spores  is  apparently  a 
great  drain  upon  the  pinnae,  so  great  that  the  young  sporangia  at  the 
apex  are  drawn  upon  for  nutriment,  and  the  sporogenous  mass  in 
these  sporangia  is  arrested  in  its  development.  They  contain  no  cells 
which  take  the  stain  in  the  manner  characteristic  of  sporogenous 
tissue;  but  the  cytoplasm  takes  on  a  very  loose  fibrillar  structure  and 
there  is  little  material  in  the  cell  that  stains  at  all.  The  outer  layer 
of  the  tapetimi,  which  usually  remains  a  thin  layer  of  tabular  cells, 
takes  on  a  very  great  development,  the  cells  bulging  into  the  cavity  of 
the  sporat^um  like  great  haustoria;  figs.  35, 36,  and  37  show  various 
stages  in  this  development.  The  cells  of  the  wall  at  this  time  become 
filled  with  food  material  and  stain  densely. 

Relationships. — In  the  evolutionary  line  from  Marattiaceae  to 
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Polypodiaceae,  suggested  by  Bower,  there  is  a  progress  from  coher- 
ent to  separate  sporangia;  from  sporangia  of  definite  orientation  to 
those  indefinitely  oriented;  from  imbedded  to  long  slender-stalked 
sporangia;  from  tapetum  indefinite  and  derived  from  the  tissue  sur- 


FlG.  34.  A  section  through  the  sporogenous  mass  showing  some  of  the  cells  break- 
ing down.  X9&0, — Fic.  35.  A  sporangium  near  the  apex  of  Ihe  pinnulei  Ihe  spo- 
rangium is  beginning  to  break  down  and  will  not  produce  spores.  X9S0. — Fic.  36. 
Another  stage  in  the  defeneration  of  a  sporangium  near  the  apex  of  a  pinnule.  X4S0. 
— Fig.  37.  Still  luioiher  stage  in  the  degeneration  of  a  sporangium  near  the  apex  of 
a  pinnule.   X4&0 

rounding  the  sporogenous  mass  to  a  definite  tapetum  cut  off  from  the 
central  cell;  from  no  annulus  to  annulus  apical,  oblique,  and  finally 
vertical;  and  from  indefinite  massive  sporogenous  tissue,  not  all  fertile, 
but  producing  many  spores,  to  a  small  definite  sporogenous  mass  all 
fertile  and  producing  few  spores.  In  all  of  these  particulars  Lygodium 
falls  short  of  the  highest  polypod  type;  in  all  of  them  also  it  is  above 
the  highest  marattiaceous  type. 
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The  orientation  of  the  sporangia  is  definite;  this  is  a  character- 
istic of  the  lower  members  of  the  series.  The  stalk  is  shorter  and 
more  massive  than  any  other  form  above  Kaulfussia.  The  tapetum 
is  derived  &om  the  central  cell,  as  in  all  the  leptosporangiate  forms; 
but  the  peculiar  enlai^ement  of  the  cells  of  the  inner  layer  is  more 
characteristic  of  the  lower  members  of  the  group.  The  position  of  the 
annulus  is  the  one  postulated  for  the  lower  leptosporangiate  ferns. 
The  large  irregular  sporogenous  mass  in  which  there  are  occasionally 
sterile  cells,  and  the  large  number  of  spores  are  also  characteristic  of 
the  lower  leptosporangiate  ferns. 

The  family  to  which  Lygodium  belongs  has  some  characteristics 
which  cannot  be  considered  as  intermediate  in  this  line  of  evolution, 
but  belong  to  this  family  only.  The  marginal  initial  cell  of  the 
sporangium,  whose  early  divisions  are  of  the  dolabrate  type,  is  not 
reported  for  any  other  ferns.  The  single  sporangium  in  each  sorus, 
the  large  sporangium  and  spores,  and  the  Indusium,  which  in  cross- 
section  shows  the  tissue  regions  of  the  foliage  leaf,  are  characteristics 
which  in  nature  or  degree  of  development  belong  only  to  this'special 
group  of  ferns. 

In  connection  with  the  monangial  sorus,  Bower*  has  called  atten- 
tion to  the  fact  that  often  Gleichema  has  only  one  sporangium  in  a 
sorus  near  the  apex  of  the  sporophyll.  A  comparison  made  by  Zeil- 
LEB*  and  emphasized  by  Bower  {loc.  cit.,  p.  43)  brings  out  a  dose 
connection  between  the  fossil  fonn  Senftenbergia  and  the  Schizaea- 
ceae,  and  also  connects  Senftenbei^ia  with  the  Osmundaceae  by 
means  of  the  fossil  form  KidstonJa.  Senftenbergia  is  found  in  lower 
horizons  than  most  of  the  marattiaceous  fems,  and  is  the  most  ancient 
fern  whose  sori  are  well  known;  these  sori  are  monangial. 

Osmundaceae,  Kidstonia,  Senftenbergia,  and  Schizaeaceae  form  a 
series  in  the  development  of  the  annulus,  and,  as  Bowes  (loc.  cit.)  has 
pointed  out,  the  position  of  the  annulus  in  Gleichenia  corresponds  in 
some  points  to  that  in  the  Schizaeaceae. 

But  after  all  these  comparisons  are  made,  the  peculiarities  men- 
tioned above  are  so  striking  and  apparently  so  well  established,  and 

3  Studies  in  the  morphology  of  spore-producing  members.  IV.  Phil.  Ti&ns. 
Roy.  Soc.  London  B.  191:33.  . 

4  BuU.  Soc.  Bot.  France  44:95.  . 
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the  relations  of  Lygodium  so  ancient,  that  we  can  hardly  consider  it  to 
be  very  dose  to  the  evolutionary  line  that  leads  to  the  Polypodiaceae. 
It  seems  rather  to  have  appeared  very  early  in  the  evolution  of  lepto- 
sporangiate  fems  and  to  have  progressed  in  a  line  somewhat  divergent 
from  the  main  line  leading  to  the  polypods. 

This  work  was  done  under  the  su[>ervision  of  Professors  John  M. 
CouLTEK  and  Chabijis  J.  Chahbeslain. 
GmLFORS  College,  M.  C 
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NAMES  OF  NORTH  AMERICAN  TREES 

The  following  changes  in  the  names  of  North  American  trees  as  pub- 
lished in  the  SUva  0}  North  America  and  in  the  Manual  0}  the  trees  0} 
North  America  are  made  necessary  in  following  the  rules  of  botanical 
nomenclature  adopted  by  the  Vienna  Congress  of  1905. 

Magnolia  joelida  Sarg.=M.  gkandiflora  L. 

Premoniadendron  Califomicum  Gov.  "sFkeuontia  caltformica  Torr. 
(SUva  14:97)- 

Aesctdus  glabra  var.  Buckleyi  Sarg.aA£.  glabra  var.  asgcta  Robs. 
(Silva  14:97)- 

Rhus  hirta  Sudw.— R.  typhina  L.  (Silva  14:99). 

Ichthyomethia  P.  Br.  being  one  of  the  genera  excluded  by  the  Congress 
without  regard  to  its  priority,  /.  pisijera  A.  S.  Hitch.  •sPiSciDlA  Piscipdla 
Sarg.  (Garden  and  Forest  ^'.4^6). 

Prunus  inlegrijolia  Sarg.  (Man.  531)  must  be  retained  if  this  tree  is 
considered  specifically  distinct  from  P.  Uicifolia  Walp.;  but  if  it  is  con- 
sidered a  variety  of  that  species  it  becomes  var.  occidentalis  Brandegee, 
and  the  variety  iniegrijolia  Sudw.  disappears  except  as  a  synonym. 

Pyrus  rivularis  Doug,  ex  Hook.=MALUS  fusca  (Rafin.)  C.  K,  Schn. 

ilwe/dMcAter  CanorfeniM  var.  j^flfei  Sarg. = A.  CANADENSIS  var,  ROTUN- 
DIFOLIA  Ton.  and  Gray.    A.  obovaia  Ashe  (Man.  61)—  A.  intermedia 

Chytraculia  P.  Br.  being  one  of  the  excluded  genera,  C.  Chytraculia 
Sarg.  (Man.  639)=Calyptranth£S  Chytraculia  Sw.,  as  published  in 
the  Silva  (5:36)- 

Icacorea  Aubl.  being  one  of  the  excluded  genera,  /.  paniculata  Sudw.= 
Ardisia  Pickeringia  Nutt. 

Morodendron  Britt.=HALESiA  L.;  M.  Carolinum  Britt.=  H.  Caro- 
lina L. ;  and  M.  dipterum  Britt.  —H.  diptera  Ell. 

Calalpa  Caialpa  Earst.=>C.  bignonioides  Walt.;  C.  speciosa  Engelm. 
must  be  written  C.  speciosa  Warder  ex  Engehn. 
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Hicoria  being  one  of  the  excluded  genera,  H.  Pecan  Britt.  =Cakya 
Pecan  C.  K.  Schn.;  H.  Texana  Le  Conte=C.  texana  C.  K.  Schn.;  H. 
minima  Britt. =0.  cordifolia  C.  K.  Schn.;  H.  myrisliciformis  Britt, = 
C.  MYEiSTiciPORins  Nutt.;  H.  aqualica  Britt.  =.C.  aqoatica  Nutt.;  H. 
ovaia  Britt.  =0.  OVATA  C.  K.  Schn.;  H.  CaroUnae-septenlrionalis  Ashe  = 
C.  cakolinae-Septentrionalis  C.  K.  Schn.;  H.  ladniosa  Sarg.=C. 
LACINIOSA  C.  K.  Schn.;  H.  alba  Britt.=C.  alba  K.  Koch;  H.  glabra 
Britt.  =C.  GLABRA  C.  K.  Schn.;  H.  v»««<j  Ashe=C.  villosa  C.  K.  Schn. 

Quercus  minor  Sarg.=Q.  stellata  Wang.;  Q.  acuminata  Sarg.= 
Q. MuEHLENBERGU  Engelm.;  Q. plalanotdes  Sudw.=Q.  bicolor Michx. ; 
Q.  brevHoba  Sarg.=Q.  DtntANDU  Buck!.;  Q.  Calijomica  Cooper=Q. 
Kellocgii  Newb.;  Q.  digUata  Sudw.=Q.  cuneata  Wang.;  Q.  nana 
Sai^.=Q.  iLiciPOLtA  Wang.;  Q.  brevijolia  Sarg.=Q.  cinerea  Michx. 

Fagus  Americana  Sweet^FAGDS  ferrdginea  Ait.  (1789),  but  an  older 
name,  Fagus  grandifdlia  Ehrh.  (1788),  should  be  adopted. 

Alnus  Oregona  Nutt.  =  A.  RUBRA  Bong, 

Fiwco  affiwMceni  Trel.  =Y.  BREViFOUA  Engelm.;  Y.  ratiwaTrel.—Y. 
EL  ATA  Engelm. 

Tumion  being  one  of  the  excluded  genera,  T.  taxijolium  Greene-" 
ToRREYA  TAXiFOLiA  Am.;  T.  Colilomicum  Greenc=ToRREYA  cali- 
FORNICA  Torr. 

Sequoia  Wellinglonia  Seem. —Sequoia  gigantea  Dec. 

Pinus  guadrijolia  Sudw.=P.  Parryana  Engelm.;  P.  atUnuata  Lem- 
mon=P.  TUBERCULATA  Gotd.;  P.  divaricala  Du  Mont  de  Courset  =  P. 
Banilsiana  Lamb. 

Larix  Americana  Michx.  =L.  lariona  K.  Koch. 

Picea  rubens  Sarg.«"P.  rubra  Dietr.;  P.  Parryana  Sarg,  =  P,  Men- 
ZlESU  Engelm.  (not  Cair.). 

Pseudolsuga  mucronala  Sudw.=P.  taxifolia  Britt. 

The  fact  that  Zygia  and  Bucida,  two  of  Patrick  Browne's  genera,  have 
been  omitted  from  the  excluded  list  of  genera  shows  how  a  list  of  this  sort, 
prepared  by  a  few  men  largely  by  persona!  preference  and  without  regard 
to  priority  of  publication,  can  become  unsatisfactory  in  practice.  Zygia  is 
the  oldest  name  for  the  genus  usually  called  Pilkecolobium  Mart.,  and 
Bucida  is  the  oldest  name  for  the  more  familiar  Terminalia  L.  They  are 
in  the  same  case  as  Ichthyomethia,  Chytraculia,  and  other  genera  of  Pat- 
rick Browne  which  are  excluded.  Moreover,  the  retention  of  Zygia  is  com- 
plicated by  the  fact  that  the  name  has  been  used  for  an  African  genus 
different  from  Pithecolobium,  and  that  it  is  now  generally  recognized  as 
the  name  for  a  section  in  the  genus  Albizzia  Durazz. 
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On  the  whole  the  few  changes  in  the  names  of  North  American  trees 
necessitated  by  the  adoption  of  the  Vienna  code  are  not  greatly  to  be 
regretted.  The  substitution  of  Caiya  for  the  now  generally  accepted  and 
excellent  name  of  Hicoria  fur  the  hickories  is  unfortunate,  although  it 
cannot  lead  to  much  confusion.  More  serious  is  the  change  in  the  name 
of  the  Rocky  Mountain  spruce,  now  known  and  cultivated  in  all  northern 
countries  as  Picta  pungens  Engclm.  (P.  Parryana  Sarg.  of  the  SUva). 
The  name  of  this  tree  must  now  become  P.  MenziesU  Engelm.  (not  Carr.), 
although  this  unfortunately  is  the  name  by  which  P.  SUckensis  Carr.  of  the 
northwest  coast,  was  long  known,  and  is  still  cultivated  in  many  European 
countries,  especially  in  Great  Britain,  where  it  is  a  favorite  ornamental 
tree. — C,  S,  Sakcent,  Arnold  Arboretum. 


A  REMARKABLE  CASE  OF  POLYSPERMY  IN  FERNS 

(WITH  ONE  FIGURE) 

While  Studying  the  embryofogy  of  ferns  during  the  past  year  in  Indiana 
University,  some  prothallia  of  Onoclea  strulkiopleris  were  supplied  me, 
which  had  been  preserved  ten  hours  after  the 
introduction  of  spermatozoids.  From  one  of 
these  prothallia  especially  good  preparations 
were  obtained,  showing  various  stages  in  the  de- 
velopment of  archegonia  up  to  normal  fecunda- 
tion .  Two  cases  of  polyspermy  also  were  found, 
of  which  the  most  remarkable  one  is  shon-n  in 
the  accompanying  figure.    No  less  than  seven 

spermatozoids  were  counted,  entirely  within  the  ^'^''°"  "'  '^  ""  "' 

nuclear  membrane  and  occupying  the  central  j^^^  ^^  ^^^  ^^^^ 
part  of  the  nucleus.  Nothing  in  the  appear-  entire  and  sections  of  ihe 
ance  of  the  egg,  either  in  the  cytoplasm  or  other  three)  entirely  within 
nucleus,  indicated  an  abnormal  condition  of  'l"*  egg  nucleus  and  three 
the  e^  or  egg  nucleus.  The  chromatin  net-  ^P*"™  ^  ^'  concavity 
work  was  broken  up  and  irregularly  massed, 

but  it  could  hardly  have  been  otherwise  after  the  entrance  of  so  many 
spermatozoids.  Four  of  the  spermatozoids,  as  shown  in  the  figure,  were 
obtained  entire  in  one  section,  three  others  being  cut  in  two  and  lying 
in  the  neighboring  sections.  Tlu-ee  spermatozoids,  which  did  not  suc- 
ceed in  entering  the  egg,  lie  in  the  concavity  just  above  it. — Vt  illiau  L. 
WooDBtJRN,  Indiana  University. 
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Tvo  ecologicil  monographs 

CUnutic  adaptations. — Supported  by  a  grant  from  the  Royal  Prussian  Acad- 
emy of  Sdences  in  Berlin,  Dr.  Cakl  Holtermann  was  able  to  spend  some  time 
at  the  botanical  gardens  in  Peradeoiya  and  Buitenzorg,  where  he  carried  on  in- 
vestigations upon  the  anatomy  and  physiology  of  troincal  plants,  returning  to 
Berlin  with  a  very  rich  collection  of  alcoholic  material,  only  part  of  which  has 
yet  been  investigated.  The  first  fruits  of  these  investigations  form  a  bulky  volume 
(which  might  easily  have  been  made  less  imposing  and  more  convenient)  upon 
the  influence  of  climate  on  the  structure  of  plants.' 

The  work  is  dedicated  to  Schwendener  (in  honor  of  the  fiftieth  anniversary 
of  his  doctorate),  and  the  author  naturally  looks  upon  plants  from  the  same 
view-point  as  the  Mewter— "dass  im  inneien  Ban  der  Pflanzen  eine  weitgehende 
Zweckmissigkdt  herrsdit,  dass  Ban  und  Funktion  bb  in  die  kleinsten  Einsel- 
heiten  in  Harmonic  stehen." 

In  the  first  section,  on  the  transpiration  of  tro{ncal  plants,  Holteuuhm 
shows  that  both  Haberlami>t  and  Giltav  are  ri^t  in  certain  points.  The 
daily  marimum  value  of  transpiration  is  very  different  in  different  regions;  in 
all  there  are  certain  periods,  lasting  from  four  or  five  hours  to  one  or  two  days,  *- 
in  which  transpiration  is  so  extremely  vigorous  that  the  [dants  suffer  for  lack  of 
water.  As  oompared  with  European  countries,  the  total  transpiration  in  34  hours 
b  less;  in  the  middle  of  the  day,  however,  it  is  often  decidedly  greater  in  the 
moist  tropics,  values  bdng  obtained  which  are  not  reached  even  in  the  hottest 
days  in  Beriin;  yet  these  maxima  usually  last  only  a  few  houis.  In  rainy  weather, 
for  days  together  transpiration  ceases  entirely.  This,  as  Holtebmann  points 
out,  b  not  surprising  to  pupils  of  Schwendenek,  who  for  more  than  a  generation 
has  treated  transfnration  in  hb  lectures  as  a  necessary  physical  process,  which 
indeed  induces  physiological  consequences,  but  b  no  indbpensable  function. 
The  wonderful  vegetation  of  those  regions  where  the  rains  for  months  at  a  time 
are  continuous,  or  are  at  most  only  replaced  by  a  dense  fog,  speaks  stron^y  a^inst 
theprevalent  view  of  evaporation  as  a  function;  and  so  do  Holteruann's  experi- 
ments with  Impatiens,  which  grows  well  in  saturated  air. 

The  second  section,  on  trofncal  vegetation  zones,  is  devoted  to  showing  how 
the  membcis  of  the  various  plant  societies  show  like  anatomical  adaptations  to 

>  HOLTEKHANN,  Carl.,  Der  Einfluss  dcs  Klimas  auf  den  Bau  der  Pflanzengewebe. 
Analomisch-physialogisclie  Unteisucbungen  in  den  Tropen.  Imp.  Svo.  pp.vm  +  nj. 
fit'-  7-  P^'  ^^-     Leipzig:  Wilbelm  Engelmann.     1907.  M  11. 
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the  climate.  He  directs  attentioa  especially  to  the  water-storing  tissue,  which  he 
declares  to  be  no  zerophytic  character  (i.  e.,  one  that  serves  as  an  adaptation  to  a 
long  dry  period),  but  to  have  its  relation  to  the  transpiration  of  plants  that  have 
only  to  endure  short  dry  periods.  This  tissue  is  almost  confined  to  leaves  of  tropi- 
cal and  subtropical  regions,  where  by  the  frequent  rains  and  by  the  dem,  which 
are  heavy  even  in  the  dry  periods,  it  can  daily  be  refilled,  quite  independently  of 
the  roots.  This  refilling  Holteruann  claims  to  have  established  experimenlally; 
but  the  report  is  not  convincing,  particularly  as  this  process  is  alleged  to  take 
place  through  the  efMdermis.  If  water  can  come  in  so,  it  can  go  out  so;  and  the 
plant  would  be  the  gainer  only  when  the  period  of  evaporation  was  shorter  than 
the  period  of  absorption. 

The  third  section  discusses  the  leaf  fall  in  the  tropics.  This,  Holtebhann 
holds,  is  dependent  on  internal  conditions  which  become  active  under  the  influence 
of  climatic  factors.  Leaves  which  fall  ofiF  at  the  beginning  of  a  dry  period  are  not 
built  to  withstand  drou^t;  and  even  if  the  fall  be  delayed  by  favorable  conditions, 
it  is  only  delayed,  abscission  having  become  a  hereditary  peculiarity. 

The  formation  of  growth  zones  is  the  fourth  topic.  The  author  undertakes 
to  show  that  the  formation  of  zones  in  secondary  wood  b  incited  by  climatic 
factors,  acting  upon  an  inherent  capacity  for  diSerentiation,  which,  arising  origi- 
nally by  direct  adaptation,  has  become  heritably  fixed.  Just  how  these  external 
factors  act,  he  thinks,  will  always  remain  a  problem. 

The  last  section,  on  direct  adaptation,  deals  with  water-storing  tissue,  gutter- 
pointed  and  emarginate  leaves,  dwarfing,  etc.,  as  "caused"  by  definite  external 
conditions.  Such  new  characters,  called  out  at  first  by  the  release  of  latent  powers, 
may  become  fined  and  heritable,  just  as  leaf  fall  and  growth  rin^,  or  under  other 
conditions  may  again  disappear. 

The  book  is  full  of  interesting  observations,  which  are  unfortunately  not  easily 
accessible  for  lack  of  an  index. — C.  R.  B. 

Ecology  of  West  Australia  .—-The  series  of  monographs  on  plant  geography* 
has  received  a  notable  addition  m  the  seventh  volume,  dealing  with  the  flora  of 
southwestern  Australia,' by  Dr.  DiELs.  His  thorough  knowledge  of  the  herbarium 
material  from  this  and  similar  regions,  and  hb  wide  acquaintance  with  plant 
dbtribution  made  him  able  to  plan  and  execute  in  the  most  profitable  way  the 
journey  which  he  undertook  in  1900-1903,  in  company  with  Dr.  Pfitzer,  with  the 
support  of  the  Humboldt  fund  of  the  Royal  Prussian  Academy  of  Sciences. 

The  systematic  results  have  already  appeared,  in  collaboration  with  Ppitzeb, 
in  Engleb's  Botaniiche  Jahrbiicher.      In  thb  volume  we  have  first,  by  way  of 

>  Enclek,  a.,  und  Drude,  O.,  Die  Vegetation  der  Erde.  Sammlung  pflanzen- 
geographische  Monogiaphien,     Leipdg:  Wilhelm  Engelmann,   iSg6 — . 

1  DiELS,  L.,  Die  Pflanzenwelt  von  Wrst  Australien  sudlicb  des  Wendekteises. 
Imp.  Svo.  pp.  xii-f4i5.  r  maf,  figt.  Sz,  ph.  34.  Leipzig:  Wilhelm  Engelmann.  igot. 
M  36,  geb.  3750  (subs,  price  M  14,  bound  iS-5°)- 
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introduction,  the  outlines  of  plant  dbtribution  in  the  whole  continent;  then  the 
history  of  bot&nical  exploration  in  eztnitropical  West  Australia;  the  physical 
geography  of  this  region;  an  ecological  study  of  the  vegetation  of  the  southwest 
province,  lying  near  th.e  coast,  and  that  of  the  Ereraaea  province,  which  fills  the 
rest  and  extends  far  beyond  the  bounds  of  West  Australia;  and  finally  a  discussion 
of  the  florislic  regions,  the  elements  of  the  flora,  its  relations  to  others,  and  its 
developmental  history. 

It  is  quite  impos^Ue  to  summarize  this  work,  or  to  do  more  than  direct  atten- 
tion to  it  as  a  thorough  and  careful  reportofthe  present  stateof  knowledge  regarding 
this  bit  of  that  great  continent.  For  only  a  bediming  has  been  made  around  the 
*edges;  antLonly  a  realization  of  the  fact  that  in  the  interior  there  are  great  stretches 
that  probably  pre^t  a  nearly  uniform  vegetation,  prevents  one  feeling  unduly 
the  meagemess  of  the  present  knowledge,  even  with  this  great  addition. 

DiELS  finds  that  in  thb  geologically  little  disturbed  southwestern  region  there 
has  been  the  quiet  development  of  a  flora  quite  at  one  originally  with  that  in  the 
east,  though  the  two  are  now  widely  separated  by  the  Ercmaea  province,  and  the 
eastern  flora  has  been  disturbed  by  competition  with  other  elements.  In  the  spe- 
cially favorable  conditions  of  the  southwest,  however,  development  along  lines  of 
progressive  endemism  has  brought  many  genera  to  remarkable  expansion  and 
high  differentiation.  Diels  rejects  as  an  error  the  idea  of  many  authors  (notably 
Wallace)  that  the  West  Australian  flora,  represents  the  original  one,  which  spread 
east;  he  considers  it  rather  as  an  old  panaustralian  one,  further  specialized.  The 
Eremaea  flora  prevails  in  a  climate  which  could  not  have  corresponded  to  the 
conditions  of  the  old  Australian  flora;  it  is  rather  a  selection  from  the  primitive 
flora  adapted  to  the  gradual  dryingand  enriched  from  the  tropucal  north.  Finally, 
there  has  come  the  disturUng  influence  of  man.  Even  the  aborigines  set  fire  to 
the  "bush,"  and  the  Europeans,  in  the  seven  decades  of  their  occupation,  have 
wrought  still  greater  changes. 

The  illustrations  are  numerous.  Part  are  half^ones,  from  photographs  by 
Pfitzeh;  part  are  detailed  dra.wings,  after  the  style  of  the  Pflanzenlamilien,  of 
the  characteristic  species.  A  topical  index  and  one  to  plant  names  (not  as  con- 
venient as  a  single  one)  makes  the  matter  readily  available. — C.  R.  B. 

Plant  geography 

In  sjHte  of  our  tardiness  in  reviewing  it,  we  cannot  forbear  calling  attention 
to  the  brief  discussion  of  certain  central  topics  of  plant  geography  by  Coimt 
Solus-Laubach.*    The  book  has  grown  out  of  lectures,  given  twice  in  the  course 

4  Solus-Laxjbacb,  H.  Gkaf  zu.  Die  leitende  Gesichtspunkl  einer  allgenieinen 
Fflaiizengcographie  in  kurzer  Darstellung.  8vo.  pp.  X4-243.  Leipzig;  Arthur 
Felii.  1905.     M  8. 

This  work  was  received  at  the  ck>se  of  1005  and  was  sent  at  once  to  a  competeol. 
reviewer,  but  was  overlooked  and  recently  relumed  at  the  editois'  request. 
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of  twelve  years  at  the  University  of  Strassburg,  and  was  prepared  for  the  press  at 
the  solicitation  of  friends. 

The  author  enters  a  disclaimer  as  to  any  originality  except  in  the  selection  of 
the  material  and  its  presentation.  His  purpose  is  quite  other  than  that  of  Gbise- 
BACH,  Dkude,  and  Schhiper,  who  have  sought  to  present  the  facts  of  plant  dis- 
tribution in  a  comprehensive  way.  Souis-Laubach  discusses  several  laige  tofncs, 
whose  enumeration  sufficiently  indicates  the  scope  of  hb  work:  spedes  and  their 
alteration  in  time;  the  habitat;  the  occupation  of  habitats  by  species;  the  dis- 
turbance of  the  equilibrium  of  distribution  by  external  causes;  bland  floras.  In 
dbcussing  these  topics  he  cites  illustrative  examples,  but  omits  piaures  and  Ibts 
of  vegetation.  A  historical  introduaion  and  a  brief  recapitulation  gf  the  most 
general  principles  of  geographic  distribution  form  a  suitable  preface  to  the  special 
topics. 

Under  the  topic  "the  spedes"  we  find  a  discussion  of  the  origin  both  of  the 
concept  and  the  corresponding  plant  groups,  in  which  the  concepts  of  Linnaeus 
and  Jordan  and  the  theories  of  Lauarck,  Dakwin,  Nageu,  and  DEVRiEsare 
set  forth.  The  topic  "habitat"  indudes  a  discussion  of  the  relations  of  external 
bctois  to  plant  form— "adaptations"  in  the  broadest  sense.  The  means  and 
methods  of  distribution,  which  make  it  possible  for  plants  to  occupy  a  habitat,  are 
described  briefly.  Alterations  in  the  habitat  by  invasion  of  plants,  and  especially 
secular  alteratioits  of  dimate,  such  as  that  involved  in  the  hst  gladal  period,  with 
the  consequent  migrations,  are  discussed  at  some  length.  The  insular  floras,  as 
conditioned  by  the  hindraJices  to  plant  dbtribution,  are  charaaerized  briefly. 

As  a  book  for  reading  in  connection  with  the  more  systematic  works,  these 
lectures  will  be  found  serviceable  as  well  as  interesting. ^-C.  R.  B. 

MINOR     NOTICES 

Contributions  from  the  Gray  Herbarium. — The  current  number  of  thb  series' 
contains  four  parts:  I.  "  New  spedes  of  Senedo  and  Schoenocaulon  from  Mexico," 
by  J.  M.  Greenuan,  3  new  spedes  of  the  former  genus  and  a  of  the  latter  being 
described.  II.  "New  or  otherwise  noteworthy  spennatophyies,  chiefly  from 
Mexico,"  by  B.  L.  Robinson,  new  spedes  being  described  under  Tigridia,  Schoep- 
fia.  Mimosa,  Pedilanthus,  Bonplandia,  Brittonastrum  (3),  Russdia,  Stemodia, 
Piqueria,  Stevia  (a),  Eupatorium  (10),  Brickellia,  Guardiola,  Zinnia,  Perymen- 
ium,  Coreopsb,  Tridax,  Pericome,  Tagetes,  Cacalia  (3),  Perezia  (3);  and  two 
new  genera  of  Compositae,  Cymopkora  (Hdianthieae)  and  Loxolhysanus  (Helen- 
ieae).  111.  "New  plants  from  Guatemala  and  Mexico,  collected  chiefly  by 
C.  C.  Deam,"  by  B.  L.  Robinson  and  H.  H.  Bahtlett,  new  species  bdng  de- 
scribed under  Polypodium,  Paspaltun,  Fuirena,  Myriocarpa,  Polygonum,  Ruprech- 
tia,  Aeschynomene,  Mimosa,  Tetrapteris,  Euphorbia,  Acalypha,  Clusia,  Rinorea, 

s  Contributions  from  the  Gray  Herbarium  of  Harvard  University,  N.  S.  34.  Proc. 
Amer.  Acad.  43:19-68.  1907. 
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Hybanthus,  Ipomoea,  Cordia,  Russdia,  Tetramerimn,  Isertia,  Liabum  (a). 
IV.  "Diagnoses  of  new  spermatophytes  from  Mexico,"  by  M.  L.  Fernald,  new 
spedes  being  described  under  Carez,  Alnus  (a),  Heliotropium,  Salvia  {9),  Castil- 
leja,  RueUia.— J.  M.  C. 

BiceDtcfliiarr  of  Liane. — In  oonnection  with  the  Linnean  celebration  at  the 
University  of  Upsala,  a  series  of  eight  publications  has  been  issued.  In  general 
the  volumes  contain  reprints  of  some  of  the  most  interesting  minor  papers  of 
lAnni,  which  thus  become  accessible  to  a  far  greater  number  of  readers.  For 
eiiample,  the  "Invitation  du  recteur  pour  assisler  aux  ffites"  is  a  paper  of  107 
pages,  consisting  chiefly  of  a  reprint  of  Linn^'s  "Cultur  der  Pflanzen."  The 
announcements  in  reference  to  the  conferring  of  doctor's  d^rees  in  philosophy, 
medicine,  law,  and  theology  are  four  volumes  of  reprints.  There  is  also  a  special 
publication,  "Linn^och  VaModlingen,"  edited  by  Swedenis.  The  first  (pp.  341) 
of  four  volumes  containing  the  correspondence  of  Linn^  b  also  included.  The 
most  elaborate  member  of  the  series  is  the  "Linn^portrfitt,"  prefaced  by  a  colored 
portrait  of  Linn^,  and  containing  reproductions  of  numerous  other  portraits, 
busts,  medals,  etc.,  as  well  as  a  description  of  the  515  portraits  (paintings,  medals, 
etc.)  in  the  collection  of  the  University.  The  University  of  Upsala  has  certainly 
spared  no  labor  and  expense  in  doing  honor  to  her  illustrious  professor.— J.  M.  C_ 

Genera  Sipbonogamanim.^The  tenth  fascicle  of  Dalla  Tokre  and  Hariis's^ 
list  of  the  genera  of  seed-plants  continues  the  general  alphabetical  list  of  names, 
the  last  entry  being  Macrocarpium.— J.  M,  C, 

NOTES   FOR   STUDENTS 

Fungi  in  termita  nests. — Fetch  gives  an  account  of  the  fungi  found  in  certain 
termite  nests  in  Ceylon,  which  grow  from  the  combs  found  in  the  chambers.  The 
fungus  flora  of  the  combs  in  their  normai  state  seems  to  be  limited  to  few  species 
which  occur  almost  pure.  The  only  form  on  the  normal  comb  is  a  hyphomycete 
which  was  not  determined,  but  from  the  descriptions  seems  to  he  like  Slerigmato- 
cystis.  This  fungus  seems  to  be  endemic  in  the  nests,  according  to  the  author 
not  being  found  outside  them. 

When  the  combs  grow  old  they  give  rise  to  two  forms  of  agarics,  which,  however, 
the  author  regards  as  one  species.  Both  have  been  described  under  several 
names  from  material  sent  to  Europe.  These  agarics  arise  from  combs  at  a  con- 
siderable depth  below  the  surface,  so  that  their  roodike  stalks  attain  an  average 
length  of  30<^'".  The  lower  part  of  the  stalk  is  black,  while  the  upper  portion  is 
white.  The  first  form  is  marked  by  the  absence  of  an  annulus  and  by  the  peculiar 
fact  that  only  a  single  plant  develops  from  each  comb.  Although  a  large  number 
start,  only  one  pushes  its  way  to  the  surface  of  the  ground.  All  the  other  rudiments 
fail  entirely  to  develop,  so  that  it  is  not  possible  to  find  specimens  which  have 

1^  Dalla  Torke,  C.  G.  de,  and  Harus,  H.,  Genera  Siphonogamarum  ad  systema 
Englerianum  conscripta.  Fasc.  10.  pp.  721-300.  Leipzig:  Wilhelm  Engelmann. 
1907.   M  6. 
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pushed  pert  way  through  the  earth.  The  second  form  differs  from  the  fiist  in  the 
possession  of  an  annulus  and  also  in  its  habit.  Several  plants  of  this  may  arise 
&t>m  the  one  comb,  while  at  the  same  time  many  immature  specimens  capable  of 
further  growth  may  be  present  in  the  comb.  The  author  regards  the  presence 
or  absence  of  the  annulus  as  an  accidental  character  due  to  the  conditions  of 
growth;  and,  ance  the  forms  arc  identical  in  eveiy  other  respect,  he  considera 
them  to  belong  to  a  single  species  which  he  calls  Voharic  eurhita,  reducing  the 
other  names  to  synonyms.  Whatever  may  be  said  of  the  identity  of  the  two  forms, 
this  disposition  b  entirely  erroneous,  for  Volvaria  has  a  free  vatve  at  the  base  of 
the  stem,  but  possesses  no  annulus.  These  forms,  judging  from  the  descriptions 
and  figures,  have  no  free  valve;  but  one  has  an  annulus  while  the  other  has  not. 
They  will  probably  find  a  ^ace  in  Pluteus  or  Annularia. 

Beside  the  fungi  described,  a  third  form  seems  to  be  quite  universally  present 
in  the  fresh  termite  comb,  although  thb  form,  which  is  determined  as  Xylaria 
mgripes,  does  not  appear  in  the  nests.  If,  however,  the  combs  are  removed  and 
kept  under  bell-jars,  the  Xylarias  always  appear,  forming  first  a  conidial  stroma, 
which  is  followed  by  the  development  of  perithecia.  The  author  believes  that 
the  Xylarias  do  not  appear  in  the  nests  merely  because  they  are  eaten  off  by  the 
termites  as  soon  as  they  appear.  Other  forms  of  fungi  growing  on  the  combs  when 
placed  m  a  mobt  chamber  are  probably  accidental  saprophjrtes. 

All  of  the  forms  described  are  eaten  by  the  termites.  When  an  inhabited 
comb  is  indosed  under  a  bell-jar  the  termites  eat  off  tbe  heads  of  the  hyphomycete 
and  also  the  X^ria  as  it  develops.  They  also  eat  the  stalks  of  the  agarics,  follow- 
ing them  to  the  surface  of  tbe  ground.  It  b  probable,  therefore,  that  the  fungi 
of  the  termite  nests  form  food  for  the  inhabitants,  as  do  the  "fungus  gardens" 
for  tbe  leaf-culling  ants.  It  is  difficult  to  prove  thb  definitely  by  experiment, 
for  in  the  absence  of  other  foods  the  termites  will  eat  many  substances  which  do 
not  ordinarily  fonn  part  of  their  ration.— H.  Hasselbking. 

Sperma  of  Cjcaa. — Shibata  and  Miyake'  have  been  experimenting  with 
sperms  of  Cycas.  Material  was  sent  from  southern  Japan  to  Tokyo  late  in  Septem- 
ber and  early  in  October,  at  which  time  tbe  pollen  tubes  are  discharpng  their 
sperms.  Experiments  with  various  solutions  showed  that  the  sperms  either  lack 
chemotactic  irritability,  or  chemotaxb  can  take  place  only  under  some  unknown 
external  conditions.  If  chemotactic  irritability  has  been  lost,  fertilization  must 
be  accomfJbhed  by  mechanical  means.  It  is  interesting  to  note  that  the  con- 
tents of  the  archegonium,  while  they  seem  to  eiert  no  influence  upon  Cycas 
sperms,  nevertheless  attract  those  of  some  pteridophytes. — Charles  J. 
Chamberlain. 

CoRRENs'  has  tested  the  influence  of  external  hctois  on  the  sex-condition 

I  Shibata,  K.,  and  Miyake,  K.,  Some  observations  on  the  physiology  of  Cycas 
spemiatozoids.     Botanical  Magazine  21:45-48.  1907. 

*  CosRZNS,  C,  Zur  KenDtnis  der  Gescbtecbtsfonnen  polygamer  BlUtenpflanten 
und  ihrer  Beeinflussbarkeit.     Jahrb.  Wiss.  Bot  44:114-173.  ^^1.  4.  1907. 
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of  gynodioedous  plants.  Hb  studies  b  the  inheritaace  of  these  plants  had  led 
him  to  believe  that  some  plants  which  he  had  classed  as  pistillate  were  really 
bisporangiate,  and  he  now  finds  support  for  thb  conclusion  in  the  fact  that  lessened 
nutrition  (using  the  term  in  its  widest  sense)  decreases  the  development  of  the 
stamens,  and,  in  the  cases  more  nearly  approaching  starvation,  suppresses  them, 
Gynomonoedous  individuals  give  evidence  for  the  same  fact  in  that  the  bbporan- 
giate  flowers  occupq'  the  most  advantageous  places  in  the  inflorescence,  and  appear 
in  the  greatest  proportion  at  the  height  of  the  flowering  season,  the  earlier  and 
espedaily  the  later  flowers  being  largely  or  entirely  monosporangiate.  The  truly 
iristillateplaniscannotbemade  to  produce  bbporangiate  flowers  through  increased 
nourishment.  This  is  held  to  support  the  author's  view  that  the  pbtillate  form 
in  gynodioedous  species  and  the  staminate  form  in  androdioedous  spedes  are 
fundamentally  dbtinct  and  have  arisen  from  the  ori^al  bbporangiate  forms  by 
mutation,  and  that  they  ate  not  to  be  accoimted  for  as  the  gradual  accumulations 
of  minor  advantageous  fluctuations,  nor  as  due  in  any  way  to  ordinary  physiologi- 
cal response.  There  b  some  indication  of  the  presence  of  dbtinct  "lines"  in 
Satureia  horknsis,  in  Johannsen's  sense.  Correns  adheres  strictly  to  the  view 
that  nothing  heritable  can  originate  except  through  mutation,  holdbg  with 
Nageli  and  others  that  the  essence  of  mutation  lies  not  in  the  size  of  the  step  but 
m  its  heritability. — G.  H.  SHtnx. 

Halopbytinn, — From  hb  study  of  the  flora  of  the  sea  roast  at  Ca^iari,  Case;* 
found  three  features  which  appeared  to  depend  upon  the  presence  of  marine  salts 
in  the  soil:  (i)  the  sporadic  distribution  of  the  plants  and  their  general  dwarfing; 
(i)  the  prevalence  of  herbaceous  over  woody  plants  in  number  and  extension  of 
spedes;  (3)  the  prevalent  ubiquity  of  certain  species  in  contact  with  saline  solutions. 
In  order  to  ducidate  these  points,  he  has  made  a  special  physico-chemical  study 
of  the  soil  of  the  beach  and  shore  at  the  surface  and  at  various  depths,  both  when 
seeds  were  just  germinating  and  when  plants  were  growing,  and  has  compared 
the  chemical  composition  of  the  plant  and  the  soil.  After  summarizing  the  very 
contiadiaory  statements  made  by  other  observers,  which  are  due,  he  thinlcs,  to 
the  imperfect  and  artificial  conditions  used  by  most  experimenters,  he  attempted 
to  study  the  physiolo^cal  resbtance  of  plants  to  sea  salts  imder  natural  conditions. 
Hb  results  agree  in  showing  that  the  phenomena  named  above  are  quite  independ- 
ent of  the  toxic  or  the  nutritive  value  of  the  salts  and  are  rather  a  multiform  effect 
of  more  general  conditions.  Thus,  by  way  of  summary  he  says:  the  presence 
of  germinating  plants  at  the  time  of  the  reactivation  of  vegetation  depends  on  the 
presence  of  organic  residues  at  the  surface  of  the  soil  and  on  its  hardness;  the 
true  factor  of  dblribution  of  the  species  b  the  physico-chemical  structure  of  the 
soil;  the  prevalence  of  herbs  and  dwarfing  are  due  to  impoverishment  of  the  soil; 
neither  the  percentage  of  salts  in  contact  with  the  roots  nor  that  of  any  single  salt 

«  CaSU,  a.,  Contribuzione  alio  studio  della  Bar 
Resbtenza  fisiologica  della  flora  delle  saline  all'  1 
Botanica  5:373-354.  1907. 
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has  any  relation  to  the  luxuriant  or  to  the  meager  development  of  the  plants^ 
so  the  problem  remains  unsolved  why  certain  species  live  exclusively  on  the  salt 
beach  in  contact  with  salts.  If  it  is  solvable,  Casu  says  the  clue  must  doubtless 
be  sought  in  a  profound  and  accurate  study  of  the  histological  structure  of  the 
halophyte  itself.    To  us  that  sounds  hopeless.— C.  R.  B. 

Polrmorpbiim  of  Hymenomycetes. — Lyhan'°  has  made  culture  studies  of 
certain  Hymenomycetes,  giving  especial  attention  to  woody  and  incmsting  species, 
the  primary  object  of  the  research  being  to  obtain  further  knowledge  of  polymor- 
phism in  the  group.  The  summarized  results  contain  the  following  facts.  The 
basidiosporesof  about  75  species  of  Polyporaceae,  Hydnaceae,  and  Tbelephoraceae 
were  germinated  and  grown  in  pure  cultures,  and  about  40  per  cent,  of  them 
were  found  to  possess  some  secondary  method  of  reproduction,  usually  mycelial 
oidia  or  chlamydospoies.  Oidia  were  not  foimd  among  the  Tbelephoraceae  and 
Hydnaceae,  but  were  produced  byone-half  of  the  species  of  Polyporaceae  Studied. 
Chiamydospores  have  been  known  in  a  few  agarics  and  in  a  considerable  number 
of  Polyporaceae,  but,  aside  from  certain  doubtful  cases,  were  not  known  among  the 
lower  Hymenomycetes.  The  author  found  them  much  more  common,  especially 
upon  the  mycelium,  than  was  known  previously,  finding  ihem  in  over  one-fourth 
of  the  species  cultivated.  Conidia  or  other  rather  highly  specialized  secondary 
methods  of  reproduction  were  found  in  seven  species,  all  belonging  to  Thele- 
pboraceae  except  Lentodium.  The  general  conclusions  are  that  a  considerable 
majority  of  Hymenomycetes  possess  no  secondary  spores;  that  oidia  are  common 
among  the  Agaricaceae  and  Polyporaceae,  and  are  confined  to  these  two  families; 
that  chiamydospores  occasionally  occur  in  connection  with  the  basidio- fructifica- 
tion, and  are  quite  widely  distributed  on  the  mycella  of  all  families;  and  that 
conidia  and  other  highly  specialized  secondary  methods  of  reproduction  are  rare, 
occurring  more  frequently  in  the  Tbelephoraceae  than  in  the  higher  families. — 
J.  M.  C. 

Precii^tin  and  relationship. — The  precipitin  reaction  discovered  by  KRAtJS 
and  more  fully  marked  out  by  Tscbisiowitsch  and  Bordet,  and  others,  has 
been  used  by  Magnus  and  Ffiedenthal'  '  in  an  attempt  to  show  experimentatly 
the  relationship  of  plants.  The  experiments  were  conducted  as  follows.  Extracts 
cxinlaining  albuminous  substances  were  prepared  from  yeast.  Tuber,  and  Agaricus, 
by  the  method  used  by  BOchner  in  (he  preparation  of  zymase  solutions  from 
yeast.  These  extracts  were  injected  into  animals,  and  after  13-14  "^ap  serum 
from  the  ani 
The  yeast  en 
treatt.d  with 

Ucher  Verwai 
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with  the  senim  of  Agaricus.  The  Tuber  extract  gave  strong  precipitation  both 
with  Tuber  serum  and  with  yeast  serum,  but  none  with  mushroom  serum.  The 
mushroom  extract  gave  a  predpilate  only  with  the  serum  of  the  animal  treated 
with  mushroom  extract.  From  these  experiments  the  writers  infer  that  the  yeast 
is  more  closely  related  to  the  Ascomycetes  than  it  is  to  the  Basidiomycetes. 
While  the  precipitin  method  has  been  used  to  a  certain  extent  in  attempts  to  show 
relationships  among  animals,  too  much  stress  should  not  be  laid  on  thb  single 
experiment  with  plants.  It  is  possible  that  albuminous  substances  from  some 
plants  may  produce  precipitins  in  the  blood  of  animals  that  will  then  react  with 
many  plant  albumins,  just  as  it  has  been  found  that  precipitins  In  animals  will 
aSect  animals  of  more  and  more  distant  relationship  depending  on  the  intensity 
and  duration  of  the  treatment  of  the  original  animal.— H.  Hasselbring. 

Sand  keys  of  Florida. — Miixspaugh"  has  publbhed  the  results  of  further 
exploration  of  the  sand  keys  of  Florida.  In  1904  O.  E.  Lansing,  Jr.  was  sent 
to  examine  all  the  islets  lying  to  the  westward  of  Key  West,  and  his  collections, 
notes,  and  maps  form  the  basb  of  the  present  paper.  The  vegetation  of  each 
islet  b  mapped  in  a  very  effective  way.  The  value  of  the  survey  is  to  enable 
future  students  to  determine  what  species  have  come  to  the  different  islets  since 
1904  and  what  have  been  tmable  to  survive;  what  species  come  lust  to  such 
islets;  and  how  species  spread  when  brought  into  an  imtatnted  environment. 
In  a  summary  it  b  shown  that  such  species  as  are  able  to  avail  themselves  of  bird 
and  water  transportation,  and  can  withstand  or  actually  need  a  saline  soil  and 
atmosphere,  are  the  spedes  that  lay  hold  of  these  blets.  Wind  transportation 
appears  to  play  no  part  whatever  in  the  plant  colonization  of  these  minute  islets. 
From  wide  study  of  such  areas  in  the  Antillean  region,  the  author  concludes  that 
the  order  of  precedence  in  the  vegetation -covering  of  the  wave-formed  sand  kep 
of  Florida  has  been  as  follows,  the  method  of  traospoTtation  also  being  indicated; 
(i)  Sesuvium  portidacastntm  (water),  (2)  Cakile  Jusi/ormis  (water),  (3)  Euphor- 
bia buxijolia  (bird),  (4)  Cetichrus  Iribuloidts  and  Cypenis  brunneus  (bird),  (5) 
Uniola  panicuiala  (water),  (6)  Andropogon glomeratus  (bird),  (7)  Suriana  morit- 
ima  and  Toumejortia  gnaphalodes  (bird),  (8)  Borrichia  arborescens  and  Iva 
imbricata  (bird),  and  (9)  Ambrosia  kispida  (water). — J.  M.  C. 

Pythium  and  Chytridiaceae. — Butleb  has'^  made  an  extended  study  of  the 
genus  Pythium.  The  introductory  part  of  hb  monograph  b  a  somewhat 
lengthy  account  of  the  habits,  structure,  and  biology  of  the  members  of  the  genus. 
The  observations  recorded  have  for  the  most  part  been  described  by  earlier  stu- 
dents of  the  group,  and  very  little  that  b  new  b  added.  An  observation  relat- 
ing to  the  morphology  of  the  sporangia  and  conidia  of  the  genus  b  of  interest. 

"  MiLLSPAUCH,  Chagles  F.,  Flora  of  the  sand  keys  of  Florida.  Field  Colum- 
bian Mus.  Publ.  Hot.  Ser.  3:191-245.  1907. 

■  t  BrrrLER,  E.  J.,  An  account  of  the  genus  Pythium  and  some  Chytridiaceae. 
Mem.  Dept.  Agric.  India.  Bot  Series  is:  pp.  160.  p/j.  10.  1907. 
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The  writer  several  times  divided  colonies  of  P.  iniermediurn  aad  of  P.  roslralum, 
keeping  one-half  of  each  colony  in  running  water  while  the  other  half  was  left 
undisturbed.  The  half-colonies  in  running  water  produced  almost  exdu^vely 
sporangia,  while  the  corresponding  undisturbed  halves  produced  conidia.  In 
the  systematic  part  of  the  work,  18  species  are  critically  described  and  arranged. 
Four  of  these  are  new,  one  {P.  paimivorum)  being  of  interest  on  account  of  its 
unusual  habitat,  growing  in  the  terminal  buds  of  palms  which  are  soon  killed  and 
destroyed  by  the  fungus.  Since  palms  grow  only  by  the  terminal  bud,  its  death 
involves  the  destruction  of  the  tree.  Another  form  (/".  Indigojerae)  is  epiphytic 
in  the  waxy  covering  of  the  leaves  of  Iitdigojera  amcta.  Under  the  title  "Species 
omitted"  there  are  added  brief  notes  on  some  18  species  whose  descriptions  are 
for  the  most  part  so  fragmentary  that  identification  b  impossible.  In  the  second 
pert,  a  number  of  spedes  of  Chytridiaceae  are  described,  with  some  observations 
on  their  structure  and  habits. — H.  Hasselbbinc. 

Anatomy  of  Uvularia  and  Tricyrtis. — Queva"  has  followed  hb  studies  on 
Gloriosa  and  Littonia  by  an  examination  of  the  anatomy  of  Uvularia  and  Tricyrtis, 
which  differ  from  the  first-named  genera  in  having  a  rhizome  in  place  of  a  tuberous 
stem.  In  accord  with  thb  difference,  Uvularia  presents  a  simpler  structure  than 
Gloriosa,  and  Tricyrtis  is  still  simpler  in  the  disposition  of  its  vascular  strands. 
The  bundles  in  the  stem  of  Tricyrtis  are  all  of  the  same  rank,  while  Uvularia  has 
bundles  of  several  ranks;  the  larger  ones  are  situated  near  the  center  of  the  stem 
and  form  the  main  vascular  strands  of  the  leaves,  while  the  smaller  ones  run  at 
the  periphery  of  the  stem  and  run  to  the  margin  of  the  leaves.  In  place  of  the 
cambium  oteerved  in  the  bimdles  of  the  tuber  in  Gloriosa,  Uvularia  presents  only 
a  radial  arrangement  of  the  cells  of  the  procambial  strands.  These  two  conditions 
are  sharply  distinguished  by  the  author,  who  accordingly  throws  doubt  on  the 
cambial  nature  of  the  cells  in  the  bundles  of  sedges  and  grasses,  figured  by  Plow- 
man and  by  Chsysler.  The  question  appears  to  be  one  of  definitbn  of  terms. — 
M.  A.  Chbysleb. 

The  nucleus  of  Spirogyra. — The  excellent  methods  and  cytological  experience 
of  the  Gr£coire  school  are  well  shown  in  a  late  paper  by  Bekghs.'^  Both  the 
chromatic  and  the  achromatic  figures  are  traced  in  detail.  The  so-called  nuclear 
network  of  Spirogyra  takes  no  part  in  the  formation  of  chromosomes.  In  the 
prophase  the  nucleolus  begins  to  show  a  double  nature,  for  the  chromosomes  are 
differentiated  within  it,  while  a  second  substance  preserves  its  spherical  form.  This 
second  substance  divides  in  the  plane  of  the  future  cell  wall  and  also  becomes 
segmented  into  rod-shaped  pieces,  after  which  half  passes  with  the  chromosomes 
to  each  pole  to  form  the  daughter  nuclei.    No  spirem  is  formed  either  in  the 

It  QiravA,  Chas.,  Contributions  &  I'anatomie  des  Mono 
Uvulaiite  rhizomatcuses.     Beih.  Bot.  Centialbl.  11:30-77.    / 

'iBexohs,  Jules,  Le  noyau  et  la  cinise  chez  le  Spiiogyia. 
pti.  1-3.  1906. 
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prophase  oi  telophase.  The  spbdle  U  a  cytoplasmic  structure;  eveu  the  part 
within  the  limits  of  the  nuclear  membiane  does  not  come  from  the  network  sur- 
roundingthe  nucleolus,  but  grows  in  from  the  outside. — Charles  J.  Chaubeklain. 

Illinois  River  land  region.— In  connection  with  the  work  of  the  Illinois  Bio- 
logical Station  on  the  Illinois  River  at  Havana,  a  brief  survey  was  made  of 
certain  waste  sandy  areas  in  the  neighborhood.  The  botanical  survey  was 
made  by  H.  A.  Gleason,'"  whose  results  have  now  been  published.  The  ecologi- 
cal factors  of  these  peculiar  areas  are  discussed,  and  four  plant  associations  are 
presented.  Under  prairie  formation  the  three  associations  are  the  "bunch-grass," 
the  "blow-sand,"  and  the  "blowout;"  while  the  single  representative  of  the 
forest  formation  is  the  black-jack  oak  association.  A  list  of  the  plants  is  given 
and  the  pbytogeogiaphic  relationships  are  discussed,^,  M.  C. 

Snlfuric  acid  as  a  fungicide. — Kkaemer''  in  experimenting  with  dilute  sul- 
furic add  as  a  fungicide  finds  that  solutions  from  i  part  to  500  to  i  part  to  1000 
are  not  injurious  to  ordinary  field  plants  such  as  wild  cherry,  elder,  ailanthus, 
yellow  dock,  abutilon,  and  others.  Roses  infected  with  mildew  were  sprayed 
several  times  with  a  solution  of  one  part  HiSO,  to  1000  water  without  injury 
and  with  the  complete  destruction  of  the  mildew.  Thb  fungjdde  may  prove 
especially  useful  in  greenhouses  where  mildew  is  often  very  destructive  to  roses 
and  where  ordinary  fungiddes  are  not  applicable  since  they  spot  and  discolor 
the  foliage. — H.  Hasselbrtng. 

ChromosonuB  of  Oenothera. — Geerts'^  finds  14  chromosomes  in  Oenothera 
Lamarckiana.  In  connection  with  a  brief  paper  he  figures  several  somatic  divisions 
as  well  as  the  heterotypic  mitosis  in  the  microspore  and  megaspbie  mother 
cells.  Beer'"  found  14  chromosomes  in  O.  longiflora  and  Gates"  reported  14 
in  O.  lata,  but  ao  or  more  in  the  O.  Lamarckiana  hybrid  obtained  from  a.  cross 
of  O.  Lamarckiana  with  O.  lata.  Geerts  also  notes  the  constricted  shape  of 
the  chromosomes  in  the  anaphase  and  telophase  of  mitosis. — R.  R.  Gates. 

Secondary  thickening  in  Pandanus,— Schoxite"  has  investigated  the  alleged 
secondary  growth  in  the  stem  of  Pandanus,  and  comes  to  the  same  condusion  as 


>^  Glcason,  Henry  Allan,  A  botanical  survey  of  the  Illinois  River  valley  sand 
region.     Bull,  HI.  Slate  Lab.  Nat.  Hist.  7:149-194.  1907. 

■  7  Kraeuer,  HE.VRV,  Dilute  sulphuric  acid  as  a  fungicide.  Proc.  Amer.  Phil. 
Soc.  45:iS7-i*J-  '9^- 

■^  Geerts,  ].  M.,  Ueber  die  Zahl  der  Cbromosonien  von  Oenothera  Latimretiana. 
Ber,  Deutsch.  Bot.  Gesells.  35:191-195.  pi   6.  1907. 

>i  Beer,  Rur>0L»,  On  the  development  of  tlie  pollen  grain  and  anther  of  some 
Onagraceae.     Beih.  Bol.  Centialbl.  19:386-313.  pis.  j-5.   1905. 

■o  Gates,  R.  R.,  Pollen  developmeni  in  hybrids  of  Oenothera  latay.  O.  Lamarcki- 
ana,  and  its  relation  to  mutation      Box.  Gazette  43:8:-iis.  pli.  2-4.  1907. 

"  Scuoin'E,  J.  C.,  Ucber  die  Verdickungsweise  dcs  Stammes  von  Pandanus. 
Ann.  Jard.  Bot.  Buiteniorg  II.  6:115-137.     fts.  $-8.  1907. 
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Casano,  whose  paper  was  noticed  in  the  March  number  of  this  journal.  From  a 
number  of  careful  measuremeais  of  trunks  of  different  species  the  author  concludes 
that  there  is  no  secondary  growth  in  the  stem  of  Pandanus,  and  that  the  dimensions 
of  the  stem  are  to  be  ascribed  wholly  to  the  primary  growth  in  the  vegtative 
cone.— M.  A.  Chrysler. 

Subwil  water  and  toresti. — Pearson"  has  investigated  the  level  of  forest 
subsoil  waters  in  India  as  compared  with  readings  made  in  Russia  and  France. 
The  conclusions  are  as  follows:  the  levels  within  the  forest  are  lower  and  steadier 
than  those  without,  the  effect  of  rain  is  Felt  later  and  lasts  longer  within  than 
without,  and  the  old  woods  lower  the  level  more  than  young  woods. — J.  M.  C. 

Mutation  in  Kephrolepia. — Observations  upon  plants  of  Nephrtdepis  Du}fii 
cultivated  in  a  warm,  moist  atmosphere  have  brought  Goebzl'J  to  the  con- 
clusion that  this  species  is  a  mutation  From  N.  cordijolia,  the  mutation  here  being 
a.  case  of  atavism.  He  believes  thai  this  and  other  cases  of  mutation  in  Ferns 
may  be  due  to  adaption  to  environment. — Charles  J.  Chamberlain. 

Legiuninone  of  Porto  Rico. — Miss  Janet  Perkins"  has  published  an  account 
of  the  Leguminosae  of  Porto  Rico,  67  geiKra  and  141  species  being  recognized. 
One  genus  (Stahlia)  and  eight  species  are  peculiar  to  the  island.  The  number  of 
genera  is  rather  remarkable,  the  largest  being  Cassia  with  16  species.  No  new 
species  are  described.^.  M.  C. 

Crossing  of  Reana  and  Zea.— Vilmobin"  has  reported  the  crosnng  of  a 
species  of  Reana  (leosinte)  with  Zea  Mays,  the  latter  being  the  pollen  parent. 
The  phenomenon  of  xenia  was  strikingly  developed,  the  characteristics  of  the 
two  genera  appearing  in  the  eats.— J.  M.  C. 

Diseaies  of  cereals. — Butler*^  has  described  four  diseases  of  grasses  in 
India  caused  by  Sderospora  graminia^,  the  hosts  being  Penniselum  typkffidttim, 
Andropogon  Sorghum,  Selaria  ilalica,  and  Enchiaena  tuxtirians.—].  M.  C. 

"  Pearson,  Ralph  S.,  The  level  of  subsoil  watera  with  regard  to  forest.  Indian 
Forester  33:57-69.  1907. 

>]  GoEBEL,  K.,  Morphologischc  und  biologische  Bemerkungen, — 17.  Nefhro- 
Upis  Duffii.     Flora  97:38-41.  1907. 

"4  Perkins,  J.,  The  Leguminosae  of  Porto  Rico.  Conlrib.  U.  S.  Nat.  Herb.  10: 
133-210.  1907. 

■iViLUORiN,  Ph.,  Riana luxurians  X  Zta  Mays.  Bull.  Soc.  Hot.  Fiance  54:39-41. 
pl,  t     1907. 

■*BoTLEa,  E.  J.,  Some  diseases  of  cereals  caused  by  S' ' —   -■--■-->- 

Mem.  Dcpt.  Agric.  India  Bot.  Series  l>:   pp.  34.  fls  5    1907. 
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NEWS 

Professos  Dr.  Fkiedrich  Hildebsand,  Freiburg,  has  just  retired  from 
active  service. 

E.  E.  BoGiiE,  professor  of  forestry  in  the  Agricultural  College  of  Michigan, 
died  at  Lansing,  August  19,  after  a  lingering  illness,  at  the  age  of  43. 

Dr.  H.  p.  Lyon  has  resigned  bis  position  as  assistant  professor  of  botany 
in  the  University  of  Minnesota,  to  accept  a  position  with  the  Hawaiian  Sugar 
Planters  Association  at  Honolulu. 

GiNN  AND  Company  have  announced  A  manual  of  Ihe  North  American 
gymnosperms  by  Professor  D.  P.  Penhaixow.  It  is  to  be  an  account  of  the  anat- 
omy of  the  group,  together  with  their  systematic  presentation  on  the  hasb  of  their 
vascular  anatomy. 

Professor  J.  E.  Eirkwood  has  resigned  his  portion  at  Syracuse  University, 
having  been  appointed  assistant  to  the  International  Rubber  Co.,  with  head- 
quartets  at  Torreon,  Mexico.  Dr.  W.  L.  Bray,  University  of  Texas,  has  been 
appointed  professor  of  botany  at  Syracuse. 

Dr.  H.  N.  Whitford,  in  government  service  in  the  Philippines,  has  been 
spending  some  months  in  the  United  States  and  has  now  started  upon  his  return 
journey.  A  few  weeks  are  to  be  spent  in  the  Santa  Catalina  Mountains  with  a 
party  from  the  Desert  Botanical  Laboratory. 

AifOHG  the  numerous  Linnaean  memorial  addresses  putdished  recently,  none 
is  more  interesting  and  sympathetic  than  the  one  delivered  by  Professor  £.  L. 
Greene  at  a  joint  meeting  of  the  Washington  Academy  of  Sciences,  the  Biological 
Sodely  of  Washington,  and  the  Botanical  Society  of  Wasbmgton.  The  citation 
is  Proc.  Wash.  Acad.  Sd.  91241-371.  1907. 

Professor  L.  M.  Undexwood  has  published  (Pop.  Sd.  Monthly  70:497-518. 
1907)  a  most  interesting  sketch  of  "The  jHngress  of  our  knowledge  of  the  flora  of 
North  America,"  a  sketch  which  should  be  read  by  the  whole  generation  of  yoimger 
botanists,  who  are  in  danger  of  remaining  ignorant  of  the  important  history  and  of 
the  great  names  that  lie  behind  thdr  present  work.  It  is  marred  by  uncalled-for 
slurs  on  some  whose  memory  is  to  be  bdd  in  highest  honor. 
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THE  CHRYSANTHEMUM  RAY  BLIGHT' 
F.  L. Stevens 
(WITH  nFTEEN  FIGURES) 
The  common  name  chosen  for  the  disease  at  present  under  dis- 
cussion is  taken  from  the  most  conspicuous  symptoms  of  the  malady, 
a   blighting  of  the   corolla  of   the  ray   flower,  resulting  in  poorly 
developed,  discolored,  one-sided  heads  {fig.  i). 


Fic.  I, — Three  heads,  showing  disease  as  it  naturally  occurs. 

Attention  was  first  called  to  the  disease  by  a  letter  from  Fayette- 
ville,  N.C.,  dated  November  13,  igo6,  and  accompanied  by  specimens. 
The  disease  has  been  known  at  that  place  and  has  recurred  for  three 
years,  each  year  with  increasing  destructiveness.  It  was  first  attrib- 
■  Conlribulion  from  the  Labomlory  of  the  North  Carolina  Agricultural  Experi- 
ment Suiion,  Ralei^,  N.  C. 


dbyGoogle 


242  BOTANICAL  GAZETTE  [October 

uted  by  the  owner  of  the  plants  to  want  of  ventilation,  but  upon  its 
recurrence  the  second  year,  the  possibility  of  such  a  cause  was  pre- 
cluded by  the  conditions.  The  disease  was  found  upon  plants  in 
the  open  as  well  as  upon  those  of  the  greenhouse.  The  first  year  it 
was  found  only  upon  late  varieties,  but  this  year  it  appeared  upon  all 
varieties  in  the  owner's  collection,  the  variety  "Nellie  Pockett"  being 
particularly  susceptible.  The  "Golden  Wedding,"  a  late  yellow 
variety,  always  suffers  badly  in  the  collection  in  question.  Since 
receiving  the  specimens  from  Fayetteville  the  disease  has  been  found 
in  Raleigh,  and  it  may  be  of  wide  distribution. 

SYMPTOMS 

The  disease  is  most  conspicuous  in  the  flower  clusters,  which  it 
attacks  usually  upon  one  side,  either  in  the  bud  or  during  various 
stages  of  blooming.  The  affected  blossoms  turn  straw  color  or 
brownish,  cease  to  develop,  and  wither,  the  discoloration  proceeding 
from  base  toward  tip  on  each  individual  flower,  thus  distinguishing 
the  disease  at  once  from  many  disorders  which  may  resemble  it  super- 
ficially. If  the  case  be  severe,  and  a  bud  be  attacked  while  still 
young,  no  rays  will  develop;  the  head  will  not  open.  If  the  attack 
be  later,  a  portion  of  the  head,  one-half  or  two-thirds,  or  more  or  less, 
may  develop  normally  and  thus  by  contrast  heighten  the  conspicu- 
ousness  of  the  disease.  Heads  nearly  open  and  apparently  healthy 
may  on  the  following  day  show  one  side  far  advanced  in  disease. 
The  owner  says,  "  it  developed  so  fast  that  a  large  perfect  bloom  in 
the  morning  would  be  wilted  by  night," 

The  receptacle  turns  black,  and  the  peduncle  may  likewise  be 
blackened  to  a  distance  of  one  or  two  centimeters  below  the  head. 
Later,  shriveling  and  softening  of  the  peduncle  allow  the  head  to 
nod  in  a  characteristic  manner. 

On  the  affected  plants  the  stems  are  often  blackened  for  several 
centimeters,  in  a  band  more  or  less  completely  encircling  the  stem. 
Frequently  this  diseased  region  is  associated  with  a  leaf,  the  petiole 
of  which  also  partakes  of  the  discoloration. 

MICROSCOPIC   EXAMINATION 

Under  the  microscope,  diseased  flowers,  rays,  corollas,  recep- 
tacles, fKrduncles,  and  the  diseased  portions  of  the  stem  all  reveal 
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the  presence  of  a  rather  coarse,  much  branched  mycelium  that  is 
easily  reoagnized  by  its  septa,  which  are  numerous  and  stand  out 
with  an  especially  striking  clearness 
(fig.  z).  In  the  humid  region  between 
the  flowers  in  the  head,  the  mycelium 
becomes  aerial,  forming  a  loose  floccose 
weft,  visible  to  the  naked  eye.  In  the 
pith  cavity  of  the  blighted  receptacle 
a  similar  profuse  mycelial  develop- 
ment occurs;  while  on  old  specimens, 
in  culture  dishes,  pycnidia  were  also 
found  identical  with  those  which  de- 
veloped in  the  pure  cultures  to  be 
described  later  (fig.  j).  Only  one 
fui^us  was  seen  and  no  bacteria 
whatever  were  visible. 

ISOLATION 

Diseased  ray  flowers  were  removed 

with  sterile  forceps  and  thrown  upon 

solidified    pea   agar   in    Petri   dishes, 

several  to  each  dish.     Similarly,  with 

aseptic  precautions,  bits  of  the  wood 

and    bark   from   diseased    peduncles, 

stems,  and  from  the  inside  of  the  receptacle 
were  plated.  Each  of  these  cultures,  25  or 
more  in  number,  plated  on  November  18, 
resulted  within  24  hours  in  pure  colonies,  all 
alike,  of  a  fungus  with  a  mycelium  identical 
in  appearance  with  that  seen  in  diseased 
tissue. 

THE   FUNGUS 

The  colonies  grew  with  remarkable  rapidity 
and    remained     sterile    until    five    days    old. 
Pycnidia  were  found  then  in  the  oldest  portions  of  a  colony  upon 
one  of  the  plates.    They  were  amber  color,  as  seen  with  the  two- 
thirds  objective  and  transmitted  light  approaching  no.  30  of  Sac- 


— Normal  hyphae,  mature, 
showing  sepution  with   slight  con- 
a :  also  the  mode  of  branching. 


Fic.  3. — SuHace  v 
of    pycnidium    showing 
teliculation. 
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Flc.  4.  —  Spores    from 
pycnidia  grown  on  cow  pea 


CARDo's  Chromotaxia,  or  the  YYO*  of  the  Prang  Standard  color 
scale.  They  were  coarsely  reticulated  on  the  surface  {fig.  3),  owing 
to  their  composition  of  woven,  coarse,  mycelium  threads.  In 
diameter  they  ranged  from  102  to  204  ft  (the 
most  usual  size  being  about  150/*)-  They 
were  round  in  outline  and  elevated  from 
the  surface,  hemispherical.  Grown  upon 
com  and  also  upon  the  apple  agar,  the 
pycnidia  were  very  much  darker,  almost 
black.  The  ostiolum  seemed  entirely  absent 
in  many  pycnidia  which  developed  deep  in  the  culture  medium, 
but  was  present  in  all  growing  upon  the  surface  of  artificial  media 
or  upon  natural  substrata. 

The  spores  are  r^ular  and  oblong,  or  quite  irregular-oblong,  or 
swollen  and  rounded  at  one  end  and  pointed  at  the  other.    Regular- 


Fig.  5. — Stages  in  the  germination  of  spores;  e  and /=c  andrf  respectively,  drawn 
ODC  hour  later;  e  and  d  drawn  at  6  hours  of  age,  and  e  and  /  al  7  bouis;  m  15  bonis 


oblong,  however,  is  the  prevailing  type,  with  a  pronounced  tendency 
to  irregularity  (fig.  4).  One  septum,  more  easily  seen  in  stained 
preparations,  is  visible  in  most  of  the  older  spores;  though  young  or 
small  spores  and  many  larger  older  ones  do  not  show  it.  The  sep- 
tum is  frequently  central,  but  there  is  a  tendency  for  it  to  be  located 
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nearer  to  one  end  than  to  the  other.  Rarely  two  septa  or  even  three 
are  present  in  one  spore.  The  spores  measure  from-  3  to  6 .  a  m  in 
thickness  by  10  to  20  /^  in  length;  6. 2  /*  by  iS  /i  being  the  usual  size. 
The  spores  are  hyaline  or  very  slightly  greenish.  In  mass,  as  ex- 
truded from  ripe  pycnidia,  they  appear  slightly  pink.  The  walls  are 
evidently  mucilaginous,  since  the  spores,  as  they  are  pushed  from 
the  pycnidia  upon  the  absorp- 
tion of  water,  issue  in  worm- 
like coils,  cohering  thus  for 
considerable  time,  though  they 
are  not  in  visible  contact.  The 
spores  germinated  rapidly  in 
water  {fig.  5),  practically 
every  spore  germinating.  In 
germination  the  septum  ap- 
peared in  all  spores,  and  one 
to  three  germ  tubes  protruded 
from  each  cell.  These  tubes 
rapidly  became  richly  septate, 
and  the  protoplasm  highly 
vacuolate. 

In  sections  {fig.  6)  the 
spores  are  seen  to  be  borne 
on  all  inner  portions  of  the 
pycnidial  wall  except  the  very 
short    neck  of   the  ostiolum, 

each  spore  originating  singly  {fig.  7)  on  the  end  of  a  very  short  stalk 
(about  3  to  5  /«  long).  These  sporophores  are  lateral  branches  of 
the  mycelial  threads  which  constitute  the  pycnidial  wall.  The  pyc- 
nidium  originates  within  the  host  tissue,  i.  e.,  immersed,  but  rapidly 
enlarges  to  burst  the  overlying  epidermis,  s 
half-grown  pycnidium  appears  to  be  su 
aggregation  of  mycelium  to  be  found 
nidium. 

The  very  young  pycnidium  is  solid, 
though  apparently  no  more  rapidly  t 
production.     In  the  youngest  pycnidia 


Fio.  6.   Section  of  pycnidium.     a,  neck 

f  oatiolum. — Fic.  7.  Portion  of  pycnidial 
'all  in  section  showing  metbod  of  spore 
allachment. 


■>  that  the  mature  or  e 


Digitized  hvGoO^le 


346 


BOTAXICAL  GAZETTE 


rounding  wall  is  composed  of  several  (five  to  eight)  layers  of  myce- 
lium. As  the  spore  cavity  becomes  distended  the  wall  becomes 
thinner,  until  at  maturity  it  is  composed  of  only  one,  two,  or  three 
layers  of  mycelium,  while  the  region  of  the  ostiolum  becomes  one 
layer  thick  and  eventually  ruptures. 

This  fungus  cloariy  belongs  to  the  section  Hyalodidvuae  Sacc. 
of  the  SPHAERIOIDEAE  Sacc.  and  seems  closest  in  affinity  to  the 
members  of  the  genus  Ascochyla.  The  possession  of  a  slight  beak, 
which  however  is  always  very  small  and  often  entirely  absent,  might 
throw  it  into  the  genus  Rhyncophoma  Karst.,  but  members  of  that 
genus  are  typically  upon  wood,  usually  saprophytic,  and  ha^-e  a 
more  pronounced  beak. 

Since  no  Ascochvla,  or  indeed  any  other  species  of  the  Sphaerioideae 
Hyalodidymac,  which  could  by  any  possibility  be  identical  with  the 
species  considered  in  this  paper,  has  come  to  my  notice  as  growing 
upon  the  chrysanthemum  or  any  of  its  kin,  I  regard  this  as  a  new 
species,  for  which  I  give  the  following  description. 

Ascochyta  Chrysantheml,  n.  sp, — Perithecia  few,  immersed,  early 
erumpent,  single  or  scattered,  round,  hemispherical,  amber  colored, 
I00-200 /*,  mostly  about  150/*;  ostiolum  central,  small,  dark  bor- 
dered, often  raised  by  a  short  neck;  surface  reticulate,  pycnidia  on 
agar  media  irregular,  often  with  two  ostioles  and  varying  much  in 
size,  black  in  color.  Mycelium  abundant,  iimate,  also  superficial, 
aerial,  fioccose,  richly  septate. 

Spores  oblong,  straight  or  irregular,  3  to  6.2X10  to  20 /*, mostly 
6 . 2  X 10  fr  ends  obtuse  or  acute ;  septum  usually  one,  often  obscure, 
rarely  2  or  3,  usually  without  constriction  until  germination;  proto- 
plasm vacuolate,  hyaline  or  light  pink  in  mass. 

Habitat:  in  corollas,  heads,  petioles,  and  steins  of  cultivated  plants  of 
Ckrysaitlhemum  indicufii,  causing  blighl.     North  Carolina. 


CULTURE  CHARACTERISTICS 

Thermal  relation. — Cultures  in  Petri  dishes  on  cow  pea  agar  were 
placed  in  darkness  at  three  temperatures  with  the  results  appearing 
in  the  adjoining  table. 
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The  growth  bo 
n  the  cold,  and 
cubator,  was  ej 
irregular,  stunted 
while  that  of  roo 
turc  was  very  r 
rapid. 

In  addition  tt 
unfavorable  temp 
growth,  the  heat 
cubator  produced  j 
larityin  the  zonal  di 
threads  started  v 
stopped  suddenly, 
began  in  another  t 
that  all  regular! 
formation  was  lost 
the  mycelium  al 
incased  in  a  da 
described  under  t 
cow  pea  leaf  a 
The  plates  kept 
temperature,  while 
tained  a  fair  regu 
formation  of  zom 
make  the  same 
zones  as  the  cultu 
room  temperature, 
of  zones  made  ir 
temperature  beinf 
that  outdoors  was 

Acid  relation.— 
lettuce  agar  in  tl 
room  temperature 
degrees  of  acidit; 
record  shown  on  ' 
the  following  page; 
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TABLE  II 
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It  is  clearly  seen  from  these  data  that  a  neutral  mediiun  or  one 
only  slightly  alkaline  favors  the  growth  of  this  fungus. 

In  the  plates  with  10,  15,  and  30  drops  of  normal  alkali  there  was 
no  formation  of  zones  at  all.  In  the  plate  bearing  5  drops  of  alkali 
two  zones  were  fonned. 

The  four  cultures  inoculated  December  8,  grown  at  room  tem- 
perature, two  in  light  and  two  in  darkness,  agreed  almost  absolutely 
in  rate  of  growth,  a  total  difference  of  i  or  2"°"  noted  at  the  end  of 
ten  days'  growth  being  so  small  as  to  be  insignificant. 

Growth  in  various  media. — Cultures  in  agar  with  various  nutrients 
at  room  temperature  in  the  dark  grew  as  follows: 


TABLE  III 
Inoculated  Deceubek  ij,  igo6. 

Gkowth  in 
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70 
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Colonies  grown  in  pure  agar  in  dark  or  light  and  those  upon  pea  agar 
were  of  the  same  general  appearance,  thin,  colorless,  and  structure- 
less, zone  formation  being  entirely  absent.  A  very  few  pycnidia  were 
produced.  By  increasing  the  richness  of  the  pea  agar  to  4  per  .cent., 
pycnidia  were  secured,  but  without  change  in  other  characters.  The 
growth  in  [>ea  agar  was  no  more  rapid  than  that  on  pure  agar,  but  was 
much  more  dense;  the  mycelium  was  colorless  and  very  few  pycnidia 
developed. 

One  per  cent,  peptone  adds  nothir^  to  the  nutrient  value  of  the 
medium  for  this  fungus.  Growth  comes  to  an  end  earlier  than  in 
pure  agar  or  other  media;  there  are  no  pycnidia,  no  color  to  the 
mycelium,  and  only  a  very  slight  indication  of  zonation. 

Glucose,  I  and  5  per  cent,,  favor  growth,  the  five  per  cent,  being 
slightly  better  than  the  one  per  cent.  No  pycnidia  developed,  but 
there  is  marked,  though  irregular,  zonation  in  both  darkness  and  light, 
and  the  whole  mycelium  develops  a  striking,  intense  blackness. 
The  septation  and  cell  contents  are  normal  and  the  color  rests 
with  the  cell  wall. 

Starch,  i  per  cent.,  did  not  increase  the  rate  of  growth,  although 
upon  microscopic  examination  it  was  clear  that  the  starch  grains 
were  digested  almost  as  soon  as  the  advancing  threads  of  the  fui^s 
reached  them,  and  growth  continued  long  in  these  plates.  The 
effect  of  starch  upon  the  general  appearance  of  the  colony  and  upon 
the  mycelium  was  precisely  as  in  the  gl  '  ' 

In  standard  beef  agar  and  gelatin,  gi 
tone  agar,  though  it  continued  for  a  lonj 
of  abnormal,  irregular  character  (fig.  S 
nor  any  development  of  color  nor  of  ■ 
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gelatin  the  growth  was  more  uniform  than  on  beef  agar,  and  the  zones 
were  somewhat  clearly  marked,  liquefaction  following  in  the  wake 
of  the  mycelium,  lagging  about  4  or  5°""  behind  the  mycelial  tips. 
In  litmus  lactose  agar  the  colonics  developed  as  on  beef  agar  with- 
out acidity. 

Upon  cow  pea  lea}  agar  the  growth,  while  exactly  parallel  in  rapidity 
with  the  growth  upon  the  cow  pea  agar,  exhibited  remarkable  differ- 
ences in  the  structure  of  the  colony, 
the  number  of  zones  being  much  less 
and  the  breadth  consequently  much 
greater.     The    mycelium   also   clung 


Fit).  8.  Abaoimal  hyphae,  malure,  as  grown  in  gelatin,  the  cells  being  unusually 
swollen. — Fic.  g.  Thickening  of  hypbae,  produced  by  too  high  temperature  or  an 
excess  of  nitrogenous  food. 

closer  to  the  medium,  was  less  fioccose  and  less  aerial,  and  in  the  older 
region  of  the  mycelium  the  cells  became  extraordinarily  thick  and 
short  and  assumed  a  dark  color.  In  some  instances  the  protoplasm 
within  the  cell  rounded  oflf  and  became  invested  by  a  thick  brown 
coat.  In  other  instances  a  similar  brown  coat  of  much  greater  thick- 
ness, often  four  or  five  times  as  thick  as  the  diameter  of  the  myce- 
lium, would  form  aroimd  the  mycelial  threads  (fig.  g).  Cow  pea 
^ar  proved  the  best  medium  for  the  growth  of  this  fungus.    The 
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concentric  zones  formed  with  great  regularity,  five  dense  zones 
and  six  lesser  zones  being  formed  in  a  period  of  eleven  days.  In 
the  older  central  portion  pycnidia  began  to  form  at  the  end  of  about 
eight  days,  though  often  later.  Pycnidial  formation  proceeds  from 
the  central  zones  to  the  younger  zones,  the  pycnidia  being  most 
numerous  in  the  denser  zones,  although  they  are  by  no  means  lack- 
ing in  the  lesser  zones. 

Upon  boiled  rice,  in  test  tubes,  the  fungus  grew  luxuriantly.     As 
the  threads  first  invaded  the  rice  there  was 
developed  a  salmon  color,  which  later  turned 
lo  black. 

Upon  boiled  com,  in  test  tubes,  the 
mycelium  developed  well,  became  black, 
and  pycnidia  were  present  in  abundance 
at  the  end  of  eleven  days. 

The  most  striking  features  noted  in 
these  nutrition  studies  were  the  influence 
of  starch  and  glucose  in  agar  or  the  starch 
of  the  rice  or  com  media  in  causing  the 
development  of  an  intense  black  coloration 
in  the  mycelium;  and  the  unfavorable  in- 
fluence of  peptone,  beef,  and  gelatin  as 
evidenced  by  distorted  mycelium  and  the 
failure  to  develop  pycnidia. 

The  jortMttion  oj  zones  is  the  most  char- 
acteristic feature  of  growth  of  this  fungus 
upon  clear,  solid  media  {fig.  11).  Reference 
has  constantly  been  made  to  this  feature. 
The  lesser  zone,  the  zone  which  immediately 

surrounds  the  point  of  inoculation,  is  due  to  the  mycelium  growing 
out   rapidly  in  every  direction  from  the  point  of  inoculation.     As 

each  individual  thread  becomes   more  — '' ''"' — '  ' '*-- 

center  and  has  made  more  and  more  bi 
crowd  each  other  much  more  closely  u 
a  time  is  reached  when  apparently  the 
that  further  growth  in  length  is  inhit 
development  of  aerial  hyphae  and  a  thic 


o. — Tips  o(  young 
rapidly  growing  hyphae. 
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ends  of  hyphae  already  produced;  this  results  in  a  darker  zone  sur- 
rounding the  lighter  zone.  After  maintainii^  this  condition  for 
some  time,  individual  threads,  in  a  scattered  fashion,  break  through 
the  outer  dense  zone,  continue  their  growth,  and  proceed  to  the  for- 
mation of  a  second  lesser  zone,  followed  in  course  of  time  by  a  second 
denser  zone,  all  being  formed  in  precisely  the  same  fashion  that  the 
first  two  zones  were  made.  Plates  have  been  exposed  under  different 
light  relations  and  different  temperatures,  and  it  seems  probable  that 


Fig.  II.  Pure  culture  of  the  fungus  17  days  old,  grown  upon  cow  pea.  a^r  in 
dilTuse  light;  pycnidia  not  then  fbnned. — Ftc.  11.  Pycnidia  on  agar  plate,  viewed 
[rom  below. 

there  is  no  connection  between  either  of  these  factors  and  formation 
of  zones  in  this  fungus,  other  than  is  occasioned  by  increasing  or 
decreasing  growth. 

INOCULATIONS   {figS.  13,  14) 

Some  forty  inoculations  were  made  with  mycelium  taken  from 
pure  cultures  on  bits  of  agar.  Of  these  twenty-eight  gave  positive 
results.  Control  cultures  remained  uninfected.  Inoculations  were 
made  within  the  involucral  scales,  between  the  Sowers  in  the  head, 
on  stems,  and  on  leaves,  as  follows: 

Series  I 

Inoculated  from  mycelium  obtained  from  the  original  agar  plate 
culture  on  which  diseased  rays  had  been  placed.  Inoculations  made 
November  22,  1906. 
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Inoculation  no.  i:  under  the  involucre  of  the  bud  which  was  just 
beginning  to  open;  December  8,  growth  observed;  December  18. 
exhibited  typical  disease. 

Inoculation  no.  2:  in  the  axil  of  the  uppermost  bract,  in  needle 
pricks,  with  agar;  the  bud  above  was  just  beginning  to  open; 
examined  December  8  and  18  with  no  indication  of  disease. 

Inaculalion  no.  j:  with  mycelium  upon  agar  upon  the  end  of 
the  unopened  bud;  examined  December  8,  no  growth;  December  18, 
typical  disease. 


Fig.  13. — Four  diseased  heads  produced  by  inoculation  from  pure  culture. 

Inoculation  no.  4:  control  cultures  simitar  to  no.  3  with  sterile 
needle;  examined  December  8  and  18,  no  growth. 

Inoculation  no.  ^:  at  base  of  leaf;  the  tissue  unbroken;  examined 
December  8  and  18,  no  result. 

Inoculations  nos.  6, 8:  agar  laid  upon  the  outside  of  the  involucre; 
tissue  uninjured;  examined  December  8  and  18,  no  results. 

Inoculation  no.  7;  lost  through  accident. 

Inoculation  no.  g:   at  the  base  of  t 
examined  December  8  and  18,  no  resu 

Inoculation  no.  10:   leaf  base  prick 
culture;  examined  December  8  and  18, 

It  is  to  be  noted  that  in  this  series  1 
disease;  that  is,  all  of  the  inoculations 
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the  involucre.  Control  inoculations  produced  no  growth,  and 
attempts  to  produce  the  disease  upon  leaves  and  stems  through 
uninjured  tissue  failed. 


Series  JI 

Inoculated  November  24,  1906,  with  mycelium  which  was  richly 
set  with  pycnidia. 

Inoculations  nos.  11,  is:  agar  bearing  mycelium  placed  deep 
between  the  petals  of  the  open  flower;  examined  December  8,  showed 
typical  disease. 

Inoculation  no.  ij:  same  as  no.  11  using  sterile  agar;  control 
inoculation;  examined  December  8  and  18,  no  growth. 

Inoculation  no.  14:  peduncle  immediately  below  the  bud  scarified 
and  inoculated  with  mycelium  on  agar;  examined  December  8, 
typical  disease. 

Inoculation  no.  15.*  similar  to  no.  14,  but  with  sterile  agar;  con- 
trol experiment;  examined  December  8  and  18,  no  growth. 

Inoculation  no.  16:  upon  scarified  stem  immediately  under  head 
with  agar  bearing  mycelium,  the  whole  covered  with  wet  cotton; 
examined  December  8  and  18,  no  result. 

Inoculation  no.  17:  conditions  same  as  in  no.  16;  examined 
December  rS,  head  typically  diseased. 

Inoculation  no.  18:  conditions  same  as  in  no,  16 ;  examined  Decem- 
ber 8,  no  result;  December  10,  typical  disease. 

Inoculation  no.  ig:  agar  bearing  mycelium  placed  upon  the  tip 
of  the  opening  head;  examined  December  8,  no  growth;  December 
18,  typical  disease. 

Inoculation  no.  20:  conditions  same  as  in  no.  19;  examined 
December  8,  typical  disease. 

Inoculation  no.  2i:  conditions  same  as  in  no.  iq;  lost  through 
accident. 

■5  to  be  observed  that  in  this  series  the  inoculations  within  the 
produced  typical  disease.  Control  inoculations  produced 
ease.  Inoculation  upon  scarified  stem  when  covered  with 
cotton  to  prevent   evaporation  was  capable  of  inducing  the 
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Fig.  14.  Plant  bearing  flowers  in  condiiion  of  disease;  p) 
tion.  J,  The  lopmoat  head  inoculated  between  the  flowera  with 
2.  The  second  tallest  head  as  in  no.  i.  4,  Inotulaled  on  srariCi 
below  the  head.  Dates  as  above.  /J,  Inoculated  no.  aq  insid 
by  tube  14  hours;  diseased  December  8.  8.  Inoculaled  Novem 
scarified  barit  under  wel  cotton;  diseased  December  10.— Fig.  : 
of  covering  inoculated  heads  to  supply  humid  atmosphere. 
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Series  III 

Inoculated  November  29,  1906. 

Inoculation  no.  22:  agar  bearing  mycelium  was  placed  between 
the  rays  of  a  head  and  the  whole  covered  with  a  tube  and  supplied 
with  wet  cotton  to  prevent  evaporation;  tube  and  cotton  renwved 
next  day;  examined  December  8,  typical  disease. 

Inoculation  no.  23:  similar  to  no.  22  but  inoculation  made  just 
inside  the  involucre;  examined  December  8,  typical  disease. 

Inoculation  no.  24:  similar  to  no.  22  but  upon  the  tip  of  the  bud; 
covering  tube  removed  after  two  days;  examined  December  8,  typi- 
cal disease. 

Inoculation  no.  2$:  a  sii^le  ray  from  a  diseased  flower  placed 
anwng  the  rays  of  a  flower  just  beginning  to  open,  which  were  left 
uncovered;  examined  December  8,  typical  disease. 

Inoculation  no.  26:  similar  to  no.  25;  but  covered  with  tube  as 
in  no.  22;  examined  December  8,  typical  disease. 

Inoculation  no.  27;  similar  to  no.  22;  examined  December  8, 
typical  disease. 

From  inoculations  nos.  22,  23,  24,  and  27  it  seems  evident  the 
protection  of  the  inoculations  from  evaporation  for  24  or  48  hours 
leads  to  greater  certainty  and  rapidity  of  infection.  Inoculations 
nos.  25  and  26  go  to  show  the  lack  of  necessity  for  any  covering  when 
diseased  rays  are  used  with  which  to  inoculate.  It  is  possible  that 
the  mycelium  is  in  a  more  vigorous  condition  in  such  diseased  rays. 

Series  IV 

Inoculations  made  November  30,  1906,  from  very  vigorously 
growing  mycelium  from  a  plate  of  cow  pea  agar.  ' 

Inoculations  28  to  31:  made  from  the  extreme  tip  of  the  mycelium 
taken  from  the  edge  of  the  colony;  inoculation  under  the  outer  rays; 
examined  December  8,  no  growth;  December  18,  typical  disease 
in  all. 

Inoculations  j2  to  35:  inoculating  material  taken  from  the  youngest 
dense  zone  in  the  colony;  inoculated  as  in  nos.  28  to  31;  examined 
December  8,  no  growth;  December  18,  all  typically  diseased. 

Inoculations  j6  to  40:  inoculating  material  taken  from  the  center 
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of  the  colony,  the  agar  being  full  of  old,  dark,  thick  hyphae;  exam- 
ined December  8,  all  showed  typical  cases  of  disease. 

It  seems  apparent  from  this  series  that  the  mycelium  from  the 
older  central  portions  is  capable  of  producing  quicker  infection  than 
that  from  the  outer  region  of  the  colony. 

RECOVERY  OF  FUNGUS   FROM  INOCULATED  HEADS 

In  many  cases  rays  were  taken  from  the  heads  which  were  made 
diseased  by  inoculation  and  these  rays  were  thrown  upon  Petri 
dishes  containing  solidified  pea  agar,  with  the  result  that  in  each 
case  the  petal  was  soon  the  center  of  the  pure  colony  of  a  fungus 
identical  with  that  used  in  the  inoculation. 

As  a  result  of  all  of  these  inoculations  it  seems  dear  that  the 
fungus  in  question  is  actually  the  cause  of  the  diseased  condition  of 
the  blossom;  that  it  can  gain  entrance  to  the  tissue  of  the  blossom 
much  more  easily  than  to  the  tissue  of  the  leaves,  petioles,  and  stems; 
and  that  humidity  at  the  time  of  inoculation  favors  the  success  of  the 
inoculation. 

I  desire  to  acknowledge  my  indebtedness  to  Mr.  J.  G.  Hall, 
Assistant  Pathologist,  for  the  illustrations  accompanying  this  article. 

UEDIA  USED 

Cow  pea  agar:  500  grams  of  fresh  cow  pea  pods  and  contents  were 
stewed  in  one  liter  of  water  for  one  half-hour,  drained,  1  per  cent. 
agar  added,  autodaved  at  no",  and  filtered. 

Caw  pea  leaf  agar:  500  grams  of  cow  pea  leaves  and  petioles  were 
stewed  in  one  liter  of  water  for  one  half-hour,  drained,  i  per  cent, 
agar  added, : 

Pea  agar: 
for  one-half 
110°,  and  filt 

Four  per  t 
stewed  with 
agar  added, ; 

Standard  i 
Health  Assoc 
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Standard  heel  gelatin:  accoiding  to  the  rules  of  the  Americao 
Public  Health  Assodation. 

Pare  agar:   i  per  cent,  agar  without  addition  of  nutrients. 

Litmus  lactose  agar:  standard  beef  agar  with  the  addition  of  i  per 
cent,  lactose,  and  litmus  sufficient  to  color. 

Lettuce  agar:  10  gra.ms  of  lettuce  leaves  and  petioles  were  stewed 
in  water  for  one  half-hour,  drained,  i  pa-  cent,  agar  added,  auto- 
daved  at  110^,  and  filtered. 

Boiled  rice:  2  grams  of  washed  rice  to  8**  of  water,  tubed,  auto- 
claved  at  iicP. 

Boiled  com:  2  grams  of  washed  com  to  8'*  of  water,  tubed,  auto- 
da  ved  at  iicP. 

Glucose  agar  and  starch  agar:  made  by  adding  percentages  indi- 
cated to  pure  agar,  and  sterih'zii^  intermittently. 

Peptone  agar:  made  by  adding  per  cent,  indicated  to  pure  agar 
and  autoclaving  at  iic/*. 

West  Raleiob,  N.  C. 
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ON  THE  IMPORTANCE    OF  PHYSIOLOGICALLY 

BALANCED  SOLUTIONS  FOR  PLANTS 

IL    FRESH-WATER  AND  TERRESTRIAL  PLANTS 

W.  J.  V.  OSTEKHOVT 
(WITH  SEVEN  figures) 

If  the  facts  set  forth  in  the  first  part'  of  this  paper  prove  to  be  valid, 
not  for  marine  plants  only,  but  also  for  all  other  kinds,  we  cannot 
suppose  them  to  be  merely  the  result  of  adaptation  to  a  particular 
environment,  but  must  consider  them  to  be  the  direct  expression  of 
certain  fundamental  characteristics  of  living  matter.  In  order  that 
the  evidence  on  this  important  point  might  be  as  complete  as  possible, 
a  wide  range  of  material  was  studied.  It  includes  both  lower  and 
higher  a^ae,  liverworts,  Equisetaceae,  and  several  species  of  flower- 
ing plants,  embracing  among  the  latter  both  fresh-water  aquatics 
and  land  plants.  The  solutions  were  made  up  with  all  the  precautions 
regarding  distilled  water  and  purity  of  salts  described  in  the  first 
part  of  this  paper.  The  solutions  had  the  same  compositions  as 
there  described,  except  that  lower  concentrations  were  employed. 
A  control  series  was  always  made,  in  which  all  solutions  were  made 
faintly  alkaline.  The  material  was  always  rinsed  in  distilled  water 
before  being  placed  in  the  solutions.  The  plants  were  in  all  cases 
exposed  to  fairly  bright  light,  but  not  to  direct  sunlight.  The  tem- 
perature averaged  between  i8°  and  3o°C.,  and  was  not  subject  to 
much  fluctuation. 

ALGAE 

The  most  extensive  series  of  experiments  on  algae  was  made 
with  Vaucheria  and  Spirogyra.  A  form  of  Vaucheria  sessUis,  abun- 
dant in  running  water,  was  chosen  because  it  readily  gives  off  zoo- 
spores when  brought  into  the  laboratory.  Tufts  of  this  material, 
washed  free  from  all  adhering  dirt,  were  placed  in  glass  dishes  and 
covered  with  tap  water.  Glass  slides  were  placed  upright  in  the 
dishes.    On  the  following  morning  numerous  zoospores  were  found 
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attadied  to  each  slide  at  the  water  level.    As  many  as  fifty  to  a 
hundred  zoospores  were  commonly 
found  anrai^ed  in  a  row  across  the 
shde,  so  that   subsequent  observa- 
tion was  an  easy  matter.    The  slides 
were  thoroughly  rinsed  in  distilled  water  and 
transferred  to  the  solutions.    The  solutions 
were  contained  in  glass  tumblers,  in  which 
the  slides  were  placed  in  an  upright  position, 
care  being  taken  to  have  the  zoospores  always 
at  the  same  depth  below  the  surface.    The 
volume  of  the  solution,  loo*^',  was  very  large 
compared  with  that  of  the   zoospores.    The 
tumblers  were   covered   with  glass  plates  to 
exclude  dust  and  hinder  evaporation.     Under 
these  circumstances  the  plants  thrive  excellently 
and  in  favorable   solutions   produce   normal 
mature  fniit.^ 

The  average  results  of  six  series  of  experi- 
ments are  given  in  Table  III  and  illustrated  in 
iig.  I.  The  figure  shows  clearly  howa  mixture 
of  two  poisonous  substances  may  produce  a 
solution  as  harmless  as  distilled  water. 

The  species  of  Spirogyra  employed  is  a  large 
one  of  the  majuscula  type.  The  material  was 
transferred  from  the  pond  directly  to  distilled 
water ;  after  being  rinsed  in  this  it  was  placed 
in  covered  glass  dishes  containing  each  200"=  of 
solution. 

It  will  be  seen  that  these  results  agree  in 
the   most   striking  way   with  those    already 
water,  length  9.4,  gain     described  fof  marine  plants. 

^,°^,-i  ''    1     .u  ^°°°  Further   experiments   were    made    with   a 

+  CaCl,  10,  length  9.4,  _  '^ 

gaLn   5000.    3,   NaCl,  variety  of  other  algae,  including  a  species  of 

length  0.18,  gain  o.  4,  blue-greenalga  (OsciUatoria),  Chlamydomoni 

CaCl,,      length      0.18,  ^  ,  ^    *■  "      _  f 

gain  o.  Clostenum  and  two  other  species  01  desF 

'  d-  OsTERHOnr,  Eitremc  toxicity  of  sodium  chloride  and  its  preve? 
other  salts.    Jour.  Biol.  Chemistry  1:363.   1906. 


Fig.  I.  — Growth  of 
Koospores  of  Vaucheria 
during  35  days  in  variou 
fit/ioo  solutions.  Th 
quantities  are  stated  i 
cubic  centimeters,  th 
length  in  millimeters, 
and  the  g^n  in  length 
I,  distilled 
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a  diatom  (Navicula),  and  a  species  of  Oedogonium,  The  results 
agree  closely  with  those  given' below.  There  can  be  little  doubt, 
therefore,  that  the  algae  in  general,  both  fresh-water  and  marine, 
obey  the  same  law. 


Apli 
All  quantities  given 


TABLE  III.     ALGAE 
sign  indicates  that  the  plants  were  alive  when  the  experiment  was  stopped. 


'e  cubic  centimeters  of  301/31  solutions. 


Cdltdue  Sn-DTIOII 


Dilute  sea  water  (total  salts  0.6  per  « 
Dilute  artificial  sea  water; 
1000  NaCl      \ 

78  MgCl. 

38  MgS04  } 

91  KCl         \ 

10  CaCl.     ' 
Distilled  water 

Tap  water 

NaCl 

o  NaCl      [ 


10  CaCI. 
00  NaCl 
12  KCl 
10  CaCl, 
00  NaCl 
78  MgCl. 
10  CaCl, 
XX,  NaCl 
78  MgCl. 


00  NaCl  t 
78  MgCl,    i 

000  Dist.  H,0 
78  MgCl. 

[ooo  Dist.  H.O 
KCI 


-m/ 147  MgCl,.. 

-»/49sK:a 

1000  DUt.  H,0  \      _/ r;r\ 


DtnuTioN  01  Lire  m  Days 


40  + 
40  + 


95  + 


95+ 


LIVEKWORTS 

The  gemmae  of  Lunularia  furnish  ideal  material  for  studies  on 

the  effects  of  solutions.    They  can  be  obtained  at  any  time  of  year, 

they  grow  readily  when  floating  on  the  surfaces  of  solutions,  and 

p  &iily  imiform  in  behavior.    The  material  used  in  these  experi- 
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TABLE  V.     LUNULARIA 
All  qiiaDtities  given  are  cubic  centimeters  of  jm/So  solutions 


CuLTiru  SoLmuN 


oi  rtUKMa  pa 


Dilute  artificial  sea  n 
looo  Nacl        I 

78  Mga. 

38  MgSO,   \ 

32   KCl  \ 

10  CaCl,      ' 

Distilled  water 

NaCI 

o  NaCl      I 
o  CaCl,      t 


oNaCI 

3  KO 

0  CaCI. 

[ooo  NaCl 

78  MgCI, 

10  CaCl, 

xx)  NaCl 

78  MkCI, 

a»  KCl 

100  NaCl 

33  KCl 

>ooNaCl 

jSMgCU 

MgCI... 


6-53 
6.60 


EQUISETUM 

The  spores  of  Equisetum  retain  their  vitality  for  only  a  few  days. 
The  fruiting  cones  were  brought  into  the  laboratory  and  allowed  to 
stand  for  a  day  or  two.  The  freshly  shed  spores  were  then  placed  on 
the  surfaces  of  solutions  in  covered  glass  dishes.  They  germinate 
rapidly  and  in  a  few  days  produce  prothallia  of  fair  size.  The  aver- 
age results  of  four  series  of  experiments  are  shown  in  Table  VI  and 
fig-  4- 

FLOWERING  PLANTS 

The  most  ertensive  series  of  experiments  was  made  with  wheat. 
The  variety  selected  is  known  as  Early  Genesee.    The  percentage 
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of  gennjnation  is  very  high  and  the  growth  is  vigorous  from  the  start. 
The  plan  first  tried  was  that  of  carefully  placing  the  seeds  on  the 
surface  of  the  solutions  so  that  they  float.    This  worked  well  with 
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wheat  and  other  small  seeds  durii^  the  first  stages  of  gemunation; 
but  i{  the  experiments  are  to  be  carried  beyond  this  stage,  the  seed- 
lings must  be  supponed  so  that  the  leaves  do  not  come  into  contact 
with  the  solution.  After 
some  trials  the  following 
device  was  hit  upon  which 
answers  the  purpose 
admirably.  A  strip  of 
filter  paper  is  folded 
lengthwise  and  one  of 
the  folds  tiuned  back  as 
shown  in  fig.  5.  The 
seeds  are  placed  in  the 
trough  thus  formed  and 
the  whole  strip  is  then 
bent  into  a  circle  and 
placed  in  a  tumbler  previ- 
ously filled  with  solution. 
The  strip  should  be  of 
such  length  that  when 
placed  in  the  top  of  the 
tumbler  the  ends  just 
meet  and  so  form  a  stiff 
collar  which  just  fits 
inside  the  top  of  the 
tumblers  and  which  will 
not  slip  down.  A  large 
number  of  these  collars 
may  be  prepared,  filled 
with  seeds,  bent  into 
circles,  and  secured  by 
ordinary  paper-cUps 
placed  on  the  overlapping  ends.  They  may  be  piled  in  trays  until 
wanted.  It  is  then  only  necessary  to  remove  the  clips  and  set  the 
collars  m  glas^  previously  Med  with  solutions. 

In  some  cases,  especially  where  lai^er  glasses  are  employed,  a 
strip  of  paper  of  double  thickness  may  be  used;  this  makes  a  stiffer 


Fio.  4. — Development  of  spores 
of  Equiselum  in  various  3111/160 
solutions  during  50  days.  Quanti- 
ties ace  stated  in  cubic  centi- 
meters; the  gain  in  length  of 
thallus  delusive  of  rhizoids  i 
stated  in  per  cent,  t,  distilted 
',  gain  1760.  3,  dilute  arti- 
ficial sea  water,  NaCI  - 
3B»/i6o,  gain  tsoo-  3,  NaCI 
3  +  KCl  31  +  CaCl,  10,  gain 
1500.  4,  Naa  looo  +  CaCl,  i 
gain  980.  5,  CaCl.,  gain  700. 
6,  NaCI,  gain  o. 
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coUai.  It  is  then  advisable  to  perforate  the  bottom  of  the  seed  trough 
by  means  of  a  tracing  wheel  such  as  is  used  for  patterns.  This  allows 
the  roots  to  penetrate  the  paper  freely  and  without  delay. 

Care  should  be  taken  that  the  solution  does  not  cover  the  seeds. 
The  paper  must  be  spread  open  at  the  top  so  as  to  allow  the  air  to 
come  into  direct  a>ntact  with  the  seeds.  The  micropyle  should  be  in 
contact  with  the  moist  filter  paper. 

Careful  experiments  were  made  to  determine  whether  the  filter 
paper  exerted  any  Influence  on  the  solution  (by  absorption,  etc., 
or  by  concentration  of  the  solution  about  the  seed  as  the  result  of 
evaporatioQ)  which  might  affect  the  results,  but  no  such  influence 

TABLE  VI.    EQUISETUM 
All  quantiries  given  ue  cubic  centimeters  of  ^m/i6o  solutions. 


G»w™  ™  y.  Dx« 

c„™.s»™,» 

l«^d^u. 

P<rctal.iKmw  in 

1S^ 

Dilute  artificial  sea  water: 

looo  NaCI       \ 

78MgCl, 

O.So 

0.93 

o.os 

0.54 
0.80 

0-93 

0.07 

o.os 

0.07 
o.os 
0.05 
0.40 

iSoo 
1760 
980 
iSoo 

.760 
40 

4» 

700 

Im  M 

lo  Caa,     ' 

looo  NaCL       i 

4-7 

looo  NaCl       ) 
M  KCl         i 

loCaCl.      ) 
loooNaQ       ) 

1000  N«a      ) 

ggP-  ( 

loooNaa      ( 

° 

looo  NaCl      I 

"^..h::::. 

^ 

Sff 
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could  be  detected.    The  solutions  were  renewed  from  time  to  time  and 
the  concentration  ascertained  by  occasional  titration. 

It  should  be  said  that  in  general  the  growth  of 
roots  (or  any  parts  in  direct  contact  with  the 
solution)  furnishes  a.  much  better  criterion  of  the 
effect  of  solutions  than  the  aerial  portions  of  the 
plant.  In  certain  solutions  which  are  so  poisonous 
that  the  roots  cannot  develop,  the  leaves  may  grow 
fairly  well  for  a  lime.  In  these  cases  the  poisonous 
solutes  are  apparently  filtered  out  by  the  tissues 
of  the  seed  as  the  solution  passes  through  them 
on  its  way  to  the  leaf.  For  this  reason  the  figures 
for  the  growth  of  roots  only  arc  here  given.  The 
results  are  shown  in  Table  VII  and  figs,  6  and 
7,  which  give  the  average  of  five  series  of  ex- 
periments. Each  number  represents  average 
measurements  of  at  least  four  or  five  hundred 
seeds.  This  is  necessary  in  order  to  do  away  with 
the  individual  variation  so  common  in  seeds.  _    

TABLE  VII.     WHEAT 
AH  quantities  given  are  cubic  ceatimeters  of  yt/i$  solutions. 


Fig.  J. — Sectional 
view  of  wall  of  tumb- 
ler and  seed  sup- 
ported 'tsj  folded 
filter  paper;  f,  paper; 
5,  seed;    t,  tumbler; 


GIOWTB  IN  M  Days 

^""  SottmoN 

Aunaale  length  of  roDU 

Dilute  artificial  sea  water: 

looo  NaCl       \ 

78  MgCI,     I 

360 

740 
59 

317 

10  CaClj      / 

1000  NaCI       ( 

1000  NaCl       ) 

10  CaCl,      ) 
1000  NaCl       ) 

Lcci."   \ 

KCL  .v.v.".:::::::;: 

70 
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A  similar  though  less  extensive  series  of  experiments  was  carried 
out  with  Sax,  alfalfa,  red-beet,  and  radish  seeds.  Another  series 
was  made  by  placing 
pieces  of  the  fresh- 
water aquatics, 
Zannichellia  and 
PotamogetoD,  in 
solutions,  or  in  the 
case  of  Lemna,  by 
allowing  the  plants 
to  float  on  the  sur- 
face. The  results 
in  all  these  cases 
were  similar  to  those 
given  above. 

It  is  thought 
desirable  to  see  how 
cuttings  would 
behave  under  simi- 
lar treatment.  Cut- 
tings (about  nine 
inches  in  length)  of  Tradescantia  and  Tropaeolum  were  placed 
upright  in  bottles,  the  lower  three  inches  of  the  plant  being  submerged 

TABLE  VIII.     CUTTINGS 
All  quantities  given  are  cubic  centimeters  rA  z^/i^  solutions. 


Fio.  6. — Growth  of  roots  of  wheat  in  various  yii/i$ 
solutions.  Quantities  are  stated  in  cubic  centimeters, 
and  the  aggregate  length  of  roots  in  millimeters,  i,  NaCl 
1000  +  KCl  17  +  CaCI,  10,  length  324-  ».  NaCl  1000 
+  CaClj  10,  length  154.  3,  CaCU,  length  70.  4.  NaCl, 
length  59- 
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in  the  solution.  Absorbent  cotton  was  packed  in  the  neck  of  the 
bottle  to  exclude  dirt  and  hinder  evaporation.  The  results  were 
similar  to  those  described  above,  as  will  be  seen  from  Table  VIII. 
Finally  ^e  question  was  raised  whether 
the  tissues  of  the  stem  and  leaf,  if  brought 
into  direct  contact  with  the  solution,  would 
behave  like  the  root.  To 
answer  this,  sectbns  of 
considerable  (but  uni- 
form) thickness  were  cut 
with  a  microtome  and 
placed  in  the  solutions. 
The  results  appear  in 
Table  K. 

The  results  described 
in  thb  paper  are  in  all 
essentials  in  striking 
agreement  with  those 
obtained  from  the  study 
of  marine  plants,  as  well 
as  from  the  study  of 
marine  and  fresh-water 
animals  as  referred  to  in 
the  first  part  of  this 
paper.  This  agreement 
shows  that  the  principle 
of  balanced  solutions  is 
of  general  validity,^  The 
application  of  this  prin- 
ciple to  soil  and  river  water*  and  to  nutrient  solutions,  I  hope  to  take 
up  in  a  subsequent  paper. 

*  LoEW  and  his  pupils  have  shown  that  calcium  antagonizes  nugne^um  (cf. 
Bull.  No.  18,  Div.  Veg,  Phys.  and  Path.  U.  S.  Dept.  Agric.  1899).  See  also  the  antago- 
nistic effects  noted  by  Kearney  and  Cameron  (Report  No.  71,  U.  S.  Dept.  Agric 
190a)  in  their  studies  on  the  salts  of  alkaU  soils.  The  method  employed  by  them 
(observation  ct  the  root-tip  only)  is  so  different  from  mine  that  I  have  not  attempted 
to  cc»npare  the  results. 

'  In  the  first  part  of  this  paper  I  have  referred  to  the  composition  of  tap  water, 
but  it  leems  advisable  to  defer  the  discus^on  of  this  point. 


Fio.  7. — Growth  of  roots  of  wheat  for  40  days. 
t,  in  dilute  artificial  sea  water  (NaCl  — ap.  jn/as), 
aggregate  length  of  roots  360™™.  »,  in  distilled 
water,  aggregate  length  of  roots  740"". 
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TABLE  IX.    SECTIONS 
All  quantities  giren  are  cubic  centiEiteters  o(  im/^a  solutioDs. 


DraATiOH  or  Lira  ra  Day* 

Cdltdu  SoLimoM 

RerfbHt: 
of  root 

^^™ 

ofkaf 

Dilute  artificial  sea  water: 
1000  NaCI 
78  MgCU 

f.ii°- 

10  CaO. 

35 

S 

30 

16 

iS 
9 

IS 

>9 

18 
19 

as 
3= 

1000  NaCI      \ 

loCaCl,     I 

1000  NaCI      ) 

32  KCl        f 

10  CaCl,     ) 

For  the  sake  of  clearness  it  seems  desirable  to  call  attention  to  the 
distinction  between  balanced  solutions  and  ordinary  nutrient  solu- 
tions. A  nutrient  solution  may  be  used  in  such  dilute  form  that  none 
of  its  components  could  exert  any  toxic  action  even  if  the  other  con- 
stituents were  removed.  In  this  case  there  are  no  poisonous  effects 
to  be  inhibited  and  consequently  no  balancing  of  the  solution  is 
required.  Our  only  concern  is  to  supply  all  the  substances  needed 
for  nutrition,  irrespective  of  any  balancing  action,  and  so  form  a 
compile  nutrient  solution. 

If  we  increase  the  concentration  of  this  solution,  however,  we  soon 
reach  the  point  where  some  or  all  of  the  components  begin  to  exert 
their  individual  toxic  effects,  whereupon  it  may  become  necessary 
to  inhibit  these  effects  by  proper  adjustment  of  the  relative  propor- 
tions of  the  substances  present  or  by  the  addition  of  other  substances. 
The  substances  added  to  produce  a  balance  do  not  necessarily  have  a 
nutritive  value.  For  example,  Loeb'  was  able  to  balance  certain 
solutions  by  adding  zinc,  cobalt,  aluminum,  etc.* 
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In  general  we  may  know  when  the  solution  is  properly  balanced 
by  comparing  its  effects  with  those  of  pure''  distilled  water.  la  a 
properly  balanced  solution  we  expect  the  organism  to  live  approxi- 
mately as  long  as  in  distilled  water,  and  while  it  will  not  grow  so  fast 
(on  account  of  the  osmotic  pressure),  the  ultimate  development  reached 
should  be  comparable  with  that  attained  in  distilled  water.' 

Why  all  these  effects  are  so,  we  are  not  at  present  prepared  to  say 
in  detail.  Loeb  has  gone  farther  than  any  other  in  the  explanation 
of  these  phenomena,  referring  them  to  the  effects  of  salts  and  ions  on 
proteids*.  According  to  his  conception  any  metal  must  be  poisonous 
when  it  alone  is  present  in  the  solution,  for  it  will  enter  the  proteids 
and  drive  out  other  metals  in  accordance  with  the  law  of  mass  action. 
This  will  of  course  alter  the  properties  of  the  proteids  and  so  cause 
disturbances  in  function.  The  only  way  to  prevent  this  is  to  main- 
tain a  proper  balance  between  the  various  metals  in  the  solution. 
It  may  be  pointed  out  that  an  analogy  exists  between  the  effects 
described  here  and  various  reactions  in  which  proteids  are  in- 
volved. Antagonism  between  Na  and  Ca,  for  example,  is  see  in 
the  clotting  of  blood,  which  is  hindered  by  Na  and  favored  by  Ca. 

The  thii^  of  chief  importance  is  the  agreement  in  behavior  of  such 
a  great  diversity  of  plants  with  the  fresh-water  and  marine  animals 
already  studied.  Thereby  is  brought  to  light  a  new  point  of  similarity 
between  animals  and  plants  which  is  fundamental  in  character  and 
which  must  be  taken  into  consideration  in  attempting  to  formulate 
a  theory  of  living  matter. 

UmVEKSrTY   Of   CALEPOUnA 

1  Water  twice  distilled  from  glass,  the  first  third  of  the  distillate  being  rejected, 
is  usually  regarded  as  pure.  But  such  water  may  be  quite  poisonous  if  any  part  of 
the  apparatus,  including  sloppeis,  be  nev.  The  longer  the  apparatus  is  used  the  less 
poisonous  the  waler  becomes,  until  it  finally  ceases  lo  l>e  toxic. 

*  Higher  concenlralions  excepted, 

9  See  refer^ces  in  the  first  part  of  this  paper,  BoT.  Gaz.  43 :  i]4.  190A 
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CONTRIBUTIONS  FROM  THE  HULL  BOTANICAL  LABORATORY  103 

W.  J.  G.  Land 

(with  plates  xx-xxn) 

Little  attention  has  been  given  to  the  fertilization  and  embryogeny 
of  Ephedra,  the  only  accounts  being  those  of  Stsasbdsger  and 
Jaccard.  In  1872  Strasburger,»  studying  E.  altissima,  described 
and  figured  unfertilized  eggs  and  four  stagesof  the  embryo  immediately 
before  and  after  formation  of  cotyledons.  In  1876  he  described*  a 
series  of  stages  in  E.  altissima  from  the  central  cell  of  the  archegonium 
to  the  formation  of  suspensors.  He  noted  the  penetration  of  the 
pollen  tube,  which,  he  says,  reaches  the  egg  throi^b  a  canal  formed 
by  the  breaking-down  of  the  neck  cells  of  the  archegonium.  Fertili- 
zation was  not  observed,  but  several  stages  of  the  proembryo  were 
noted.  Usually  three  to  eight  proembryos  are  formed  and  arranged 
in  a  row  down  the  middle  of  the  egg.  He  calls  attention  to  what  he 
considers  an  abnormal  condition,  in  which  the  cytoplasm  of  the  egg 
is  pierced  through  by  irregular  tortuous  channels  supported  through- 
out their  length  by  kinoplasmic  fibers.  These  channels  extend  around 
and  finally  inclose  a  portion  of  the  egg  cytoplasm  together  with  a 
single  nucleus.  He  thinks  these  channels  result  from  the  activities 
of  thi 
of  the 
publiE 
camp^ 

In 
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entering  the  arch^onium,  one  male  nucleus  in  contact  with  the  egg 
nucleus,  and  the  second  male  nucleus,  the  stalk  cell,  and  the  tube  nu- 
cleus lying  in  the  micropylar  end  of  the  egg.  He  also  studied  pollen 
tubes  grown  in  five  per  cent,  gektin  in  sterilized  pear  juice.  He  noted 
the  disorganization  of  the  jacket  cells  and  describes  a  fusion  of  the 
nuclei  of  the  jacket  cells  with  one  another  and  their  subsequent  migra- 
tion into  the  cytoplasm  of  the  e^.  He  also  observed  a  lai^e  number 
of  small  nuclei  in  the  egg,  the  nature  and  origin  of  which  he  was  not 
able  to  determine.  He  further  states  that  a  suspensor  ("prosuspen- 
seur"  or  "embryonalschlauch")  is  not  formed.  The  elongation  of 
the  basal  cells  of  the  embryo  to  form  a  secondary  suspensor  ("  le 
columelle")  is  noted. 

The  present  study  of  the  fertilization  and  embryogeny  of  E.  Irifurca 
is  the  continuation  of  the  paper*  which  dealt  with  spermatogenesis 
and  oogenesis  in  the  same  species.  Material  for  the  study  was 
collected  at  Mesilla,  New  Mexico,  chiefly  in  April  1904.  Much  of 
the  material  collected  in  1903  was  unfit  for  a  study  of  fertilization 
stages  because  of  the  ravages  of  a  parasitic  insect  which  attacked  the 
ovules  about  the  time  of  pollination.  Embryos  having  been  observed 
about  April  20,  1903,  it  was  hoped  that  by  beginning  to  make  collec- 
tions as  early  as  April  i  in  the  following  season  and  continuing  them 
at  intervals  of  two  days  a  fairiy  complete  series  could  be  obtained. 
Collecting  was  discontinued  April  20, 1904,  at  which  time  the  majority 
of  embryos  had  attained  their  maximum  size.  The  season  of  1904 
was  unprecedentedly  hot  and  dry  and  in  consequence  development 
was  much  accelerated,  so  much  so  in  fact  that  embryos  with  large 
secondary  suspensors  were  found  in  the  material  collected  April  i. 
Not  all  of  the  material  collected  at  the  earliest  date  had  been  pollinated. 
In  1905  staminatc  strobili  sent  from  the  Carnegie  Desert  Laboratory, 
Tucson,  Arizona,  made  possible  the  final  study  of  the  male  gameto 
phyte. 

POLLEN  TUBES   AND   FERTILIZATION 

Pollen  grains  were  placed  in  a  ten  per  cent,  solution  of  saccharose 
on  a  slide  in  a  moist  chamber.  By  evaporation  the  solution  became 
considerably  denser  toward  the  close  of  the  experiment.     Shortly 

<  La-vd,  W.  J.  G.,  Spcnnalogeiiesis  and  oogenesis  to  Ephedra  trijurca.  Boi. 
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at  least  foui  days  after  pollination,  and  fertilization  is  possible  within 
ten  hours  after  pollination,  it  has  been  very  difficult  to  secure  fertili- 
zation and  early  proembryonal  stages.  Only  those  ovules  which 
have  been  incompletely  pollinated  by  having  the  pollen  lodged  for 
a  time  in  the  long  tubular  micropyle,  and  later  dislodged  and  reaching 
the  pollen  chamber,  can  by  any  possibility  show  fertilization.  From 
the  nature  of  thii^  such  a  delay  in  polIinatioQ  must  be  very  rare, 
although  the  ovules  are  peculiarly  fitted  to  have  such  delays  occur. 
Among  over  3800  ovules  sectioned  at  the  time  when  fertilization  was 
expected,  only  two  (figs.  4  and  5)  showed  early  stages. 

The  pollen  tube  forces  its  way  between  the  neck  cells  of  the  arche- 
gonium,  rarely  destroying  them  in  its  passage.  Only  in  one  or  two 
instances  were  the  lower  neck  cells  destroyed.  In  fig.  4  the  lower  and 
apparently  double  nucleus  shows  the  all  but  complete  fusion  of  the 
sperm  and  the  egg  nuclei.  The  small  nudeife  lying  immediately 
above  the  fusing  nuclei  is  the  ventral  nucleus;  the  one  immediately 
above  it  is  the  second  male  nucleus,  whicli  in  this  instance  has  passed 
deeper  into  the  egg  cytoplasm  than  usual.  Fig.  5  shows  the  fusion 
nucleus  with  fragments  of  the  ventral  nucleus  lying  above  it.  The 
second  male  nucleus,  with  the  stalk  nucleus  and  tube  nucleus  lying 
immediately  below  it,  is  seen  in  the  upper  end  of  the  egg.  The  stalk 
nucleus  and  the  tube  nucleus  soon  disappear.  The  second  male 
nucleus  does  not  ordinarily  penetrate  deeper  into  the  e^  than  is 
shown  in  fig.  5,  but  undei^es  its  final  changes  here.  The  dense 
mass  of  cytoplasm  surrounding  the  fusion  nucleus  and  extending 
downward  through  the  egg  is  well  shown  in  figs.  4  and  5.  This  mass 
first  appears  as  a  densely  staining  spherical  body  in  the  upper  third 
of  the  central  cell,  and  disappears  with  the  formation  of  proembryos. 

EMBRYOCENY 

The  fusion  nucleus  gives  rise  to  eight  free  nuclei,  more  or  less 
unequal  in  size,  and  three  to  five  of  the  largest  ones  surround  them- 
selves by  a  wall  and  produce  embryos.  The  free  nuclei  are  either 
arranged  in  a  row  down  the  middle  of  the  egg,  or  more  frequently  are 
scattered  through  it.  The  lower  ones  in  general  successfully  produce 
embryos,  although  a  few  instances  were  noted  in  which  the  lower  ones 
did  not  function  further  than  the  one-celled  stage,  the  micropylar  ones 
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alone  being  successful.  Nearly  all  of  the  largest  vacuoles  in  the  egg 
disappear  shortly  after  fertilization,  and  the  cytoplasm  becomes  more 
and  more  homogeneous  as  free  nuclear  division  progresses.  The  pro- 
embryonal  nuclei  usually  become  so  dense  that  they  can  be  seen  with 
difficulty  in  the  cytoplasm. 

Delicate  cytoplasmic  radiations,  similar  to  those  figured  in  the 
unfertilized  egg,  stream  out  from  each  nucleus  and  end  in  a  denser  ring 
of  cytoplasm.  This  delicately  radiating  cytoplasm  becomes  more  and 
more  vacuolate,  finally  taking  on  the  appearance  shown  in  ^gs.  6  and  7. 
In  fig.  6  the  large  cell  is  one  of  two  proembryonal  cells  which  later  will 
produce  suspensors.  Fig.  7  shows  two  or  four  functioning  pro- 
embryos.  The  first  suggestion  of  walls,  or  rather  cytoplasmic  thick- 
enings, is  shown  in  figs.  6  and  7.  The  functioning  proembryos 
isolate  themselves  from  the  surrounding  cytoplasm  as  follows.  Cleav- 
age cracks  appear,  startii^  presumably  at  the  equatorial  region  of 
the  last  spindle,  although  all  trace  of  a  spindle  has  disappeared  before 
cleavage  is  apparent.  An  early  stage  of  incomplete  cleavage  between 
sister  cells  is  shown  in  ^g.  8.  The  cleavage  cracks,  following  the 
feebly  defined  wall  or  c}rtoplasmic  thickening,  omtinue  until  they 
meet  around  the  nucleus,  carving  out  a  more  or  less  irregular  mass 
of  cytoplasm  for  each  nucleus.  Three  of  five  completely  isolated 
proembryos  are  shown  in  fig.  p,  which  also  shows  masses  of  egg 
cytoplasm  that  have  not  been  appropriated  by  the  proembryonal  cells. 

At  the  time  the  proembryonal  cells  have  freed  themselves  completely 
from  the  e^  cytoplasm  they  lie  in  a  nutritive  mass  derived  from 
various  sources.  Shortly  after  fertilization,  the  walls  of  the  jacket 
cells,  which  always  have  been  extremely  tenuous,  disappear  and  in 
most  preparations  the  jacket-cell  cytoplasm  becomes  mixed  with  that 
of  the  egg  (fig.  g).  Shortly  before  the  walls  disappear  the  jacket 
cells  become  binucleate,  the  nuclei  dividing  either  mitotically  or  amito- 
tically.  Occasionally  mitotic  divisions  occur  simultaneously  in  every 
cell  of  both  layers  of  the  jacket,  or  every  division  may  be  amitotic, 
or  both  kinds  of  division  may  occur  in  the  same  jacket.  When  the 
latter  occurs,  the  nuclei  at  the  upper  end  of  the  archegonium  divide 
amltotically,  and  these  amitotic  divisions  can  easily  be  mistaken  for 
fusion.  Occasionally  the  jacket  nuclei  enlarge,  fragment,  and  their 
chromatin  is  scattered  through  the  cytoplasm  of  the  jacket  cell  and 
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later  passes  out  into  the  egg  cytoplasm.  Sometimes  this  fragmenta- 
tion is  acrampanied  by  kinoplasmic  fibers,  as  shown  in  fig.  lo.  Fig.  p 
also  shows  an  intact  jacket -cell  nucleus  which  has  passed  into  the  egg 
cytoplasm.  Occasionally,  though  rarely,  instances  were  noted  in 
which  the  jacket  cells  do  not  become  binucleate  and  break  down  at 
the  time  of  fertilization;  some  of  them,  especially  those  near  the 
middle  of  the  archegonium,  have  the  nucleus  surrounded  by  delicate 
cytoplasmic  radiations  similar  to  those  noted  in  the  unfertilized  e^. 
These  nuclei  also  very  much  resemble  the  egg  except  in  size,  being 
of  course  much  smaller.  Apogamy  was  at  first  suspected,  but  further 
study  showed  that  these  egglike  jacket  nuclei  do  not  function,  being 
finally  broken  down  and  absorbed  by  the  embryos. 

The  second  male  nucleus  is  normally  in  the  position  shown  in 
fig.  5-  It  en'arges  and  occupies  the  upper  part  of  the  e^  and  extends 
into  the  space  recently  filled  by  the  adjacent  jacket  cells.  The  chro- 
matin is  arranged  in  strands,  at  the  ends  of  some  of  which  it  may 
be  aggregated  in  small  groups  (figs.  6,  7).  The  nuclear  membrane 
breaks  down  on  one  side  {fig.  6)  and  cleavage  planes  pass  up  into  the 
nucleus.  Fig.  7  shows  a  male  nucleus  with  an  irregular  mass  of 
spindles  with  groups  of  chromatin  granules  at  the  poles.  Later  the 
region  occupied  by  the  male  nucleus  is  filled  with  a  number  of  small 
cells  which  may  have  come  from  further  division  of  the  second  male 
nucleus,  or  some  of  them  may  be  a  joint  product  of  chromatin  from 
the  male  nucleus  and  from  the  jacket  nuclei.  Below  this  region  are 
numerous  small  cells  which  possibly  may  have  resulted  either  from 
further  division  of  the  functionless  proembryos,  or  by  division  of  the 
jacket  nuclei  which  have  wandered  into  the  egg  cytoplasm  or  from 
both  sources,  and  still  others  from  masses  of  cytoplasm  which  may 
have  been  separated  into  smaller  masses  of  cytoplasm  by  cleavage 
planes,  as  shown  in  fig.  p.  Numbers  of  the  very  small  cells  seem  to 
have  a  single  granule  in  the  center;  others  appear  to  be  only  masses 
of  cytoplasm.  This  nutritive  mass,  presumably  derived  from  so  many 
sources,  is  very  ephemeral  and  is  quickly  absorbed  by  the  functioning 
proembryos. 

In  the  ephemeral  nutritive  mass  in  which  the  proembryos  lie  it 
seems  that  we  have  at  least  a  suggestion  of  the  origin  of  endosperm. 
The  term  endosperm  is  here  used  in  the  strict  angiosperm  sense  and 
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must  not  be  confused  with  the  female  gametopbyte  of  gymnosperms. 
Many  things  lead  to  the  belief  that  the  chromatin  of  the  second  male 
nucleus,  together  with  that  of  the  jacket  nuclei,  has  something  to  do 
with  the  production  of  at  least  a  part  of  the  mass  of  small  cells  which 
appears  in  the  egg  and  jacket  region.  It  is  at  the  edge  of  the  dis- 
integrating male  nucleus  that  spindles  first  appear,  with  either  a 
few  granules  or  masses  of  chromatin  at  their  poles.  The  absolute 
equality  of  the  male  nuclei,  for  they  differ  in  no  visible  way  except  in 
position  in  the  pollen  tube,  seems  to  surest  that  the  nucleus  which 
does  not  fuse  with  the  egg  nucleus  functions  in  some  other  way;  for 
cells  which  cease  to  function  are  either  eliminated  or  show  signs  which 
point  to  their  future  elimination.  If  it  can  be  shown  beyond  doubt  that 
the  chromatin  of  the  second  male  nucleus  together  with  some  of  the 
jacket-cell  nuclei  or  the  chromatin  from  these  nuclei  arc  jointly  respon- 
sible for  some  of  the  small  cells  in  the  egg  and  jacket  region,  it  follows 
that  we  have  the  foreshadowing  if  not  the  real  beginning  of  endosperm. 
At  least  it  may  for  the  present  be  designated  as  physiological  endo- 
sperm. The  apparently  universal  occurrence  of  triple  fusion  in  angio- 
spenns  seems  to  preclude  the  possibility  that  they  may  furnish  a 
solution  for  this  problem.  It  is  not  impossible  that  the  Gnetales, 
which  in  so  many  ways  have  reached  the  angiosperm  level,  may 
have  some  member  which  wiU  give  an  answer  to  the  problem  of  the 
origin  of  the  angiospermic  endosperm.  The  ephemeral  mass  of  nutri- 
tive cells  is  certainly  larger  in  E.  Irifurca  than  the  endosperm  mass 
of  many  angiosperms. 

The  functioning  proembryonal  cells  round  out  as  the  adjacent 
nutritive  mass  is  absorbed  (fig.  10).  The  nucleus  of  a  proembryonal 
cell  divides,  giving  rise  to  two  free  nuclei,  which  at  first  are  equal  in 
size,  but  one  soon  gains  an  ascendancy  over  the  other,  becoming 
noticeably  larger.  A  large  vacuole  develops  in  the  upper  part  of  the 
cell  and  the  free  nuclei  pass  down  and  to  one  side  of  the  cell  if  it  is 
one  of  the  upper  proembryos,  but  to  the  bottom  if  it  is  the  lowest  one 
in  the  archegonium.  The  larger  nucleus  is  invariably  placed  lowest 
in  the  cell.  Two  papillae,  seemingly  initiated  by  the  nuclei,  are  put 
out  by  the  cell  wall  from  the  points  nearest  the  nuclei  {fig.  i\).  Soon 
the  papilla  nearest  the  larger  nucleus  rapidly  elongates  and  the  other 
papilla  disappears  {fig.  13).    In  one  instance  four  free  nuclei,  one 
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large,  two  smaller,  and  one  very  minute,  were  observed  in  a  proem- 
bryonal  cell.  The  suspensor  tube  is  immediately  directed  downward 
toward  the  antipodal  region  if  the  cell  is  the  lowest  one  in  the  arche- 
gonium,  but  outward  and  then  downward  if  from  one  of  the  upper 
cells.  Fig.  13  shows  the  suspensor  tube  before  either  of  the  nuclei 
has  entered  it.  The  larger  nucleus  passes  down  nearly  to  the  end 
of  the  suspensor  tube,  and  immediately  behind  it  a  cleavage  ring, 
beginning  at  the  wall  of  the  suspensor  tube  and  gradually  extendii^ 
inward,  appears  in  the  cytoplasm  and  separates  it  into  two  masses, 
each  containing  a  nucleus.  Fig.  14  shows  the  cleavage  ring  incom- 
plete; and  fig.  15  is  a  much  higher  magnification  of  the  same  section. 
A  wall  separating  the  suspensor  tube  into  two  regions  is  then  estab- 
lished at  the  cleavage  plane. 

The  nucleus  left  behind  (fig.  14)  enlarges,  enters  the  suspensor 
{fig.  16),  becomes  the  suspensor  nucleus,  passes  down,  and  remains 
m  the  lower  end  of  the  suspensor  {figs,  ij,  18),  where  it  finally  dis- 
integrates {fig.  19).  The  suspensor  quickly  elongates,  thrusts  the 
embryo  initial  deeply  downward  into  the  gametophyte,  and  remains 
tui^d  imtil  the  secondary  suspensor  app>ears  {fig.  2j),  when  it  col- 
lapses.   The  longest  suspensor  noted  reached  a  length  of  3.1""". 

The  nucleus  of  the  embryo  initial  cell  divides  and  a  transverse  wall 
is  laid  down  in  the  usual  way  along  the  cell  plate  {fig.  18).  Fig.  ip 
shows  a  two-celled  embryo  with  the  wall  fully  estabUshed.  An  anti- 
clinal division  of  the  basal  cell  next  occurs,  the  wall  being  either 
parallel  with  the  suspensor  {fig.  zi)  or  slightly  inclined  {fig.  20). 
Fig.  33  is  immediately  before  the  differentiation  of  dermatogen,  which 
is  cut  off  early,  as  shown  by  fig.  23.  The  latter  figure  also  shows  the 
first  appearance  of  the  secondary  suspensor,  a  later  stage  of  which  is 
shown  in  fig.  24.  The  secondary  suspensor  is  added  to  by  successive 
elongations  of  basal  cells  of  the  embryo  and  finally  merges  insensibly 
into  the  root  cap.  There  are  three  stages  of  suspensor  formation : 
the  suspensor  tube,  initiated  by  the  activity  of  the  nucleus  which 
finally  becomes  the  embryo-initial  nucleus;  the  single  suspensor, 
derived  hova  the  basal  portion  of  the  suspensor  tube;  and  lasdy  the 
secondary  suspensor  ("le  ooliunelle"  of  Jaccard),  derived  from  the 
basal  cells  of  the  embryo. 

Coincident  with  fertilization  and  development  of  the  pioembryos, 
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the  gametophyte  is  stimulated  to  further  activity.  A  single  plate  of 
the  outermost  layer  of  cells  of  the  gametophyte,  forming  the  bottom 
of  the  pollen  chamber  and  extending  outward  a  short  distance  under 
die  tip  of  the  nucellus,  becomes  meristematic  (fig.  25),  and  by  repeated 
periclinal  and  a  few  anticlinal  divisions  forms  a  plug  which  effectually 
closes  the  pollen  chamber  and  receives  the  backward  thrust  of  the 
elongating  cells  of  the  gametophyte  and  later  of  the  embryo ;  this  plug 
persists  until  absorbed  by  the  maturii^  embryo.  The  antipodal 
region  begins  active  division  and  the  bulk  of  the  gametophyte  is 
materially  inaeased.  The  cells  near  the  archegonia  first  elongate, 
followed  successively  by  groups  of  cells  extending  across  the  gameto- 
phyte. The  elongated  cells  after  having  lost  their  contents  are  folded 
back  and  forth  in  the  micropylar  region  (fig.  25),  beii^  prevented 
from  escapii^  through  the  pollen  chamber  by  the  pollen-chamber 
plug.  This  elongation  of  groups  of  cells,  proceeding  successively 
from  the  micropylar  to  the  antipodal  region,  serves  admirably  to  keep 
an  abundance  of  food  a>nstantly  near  the  embryo. 

As  the  seed  matures  the  integuments  and  nucellus  become  gorged 
with  food.  The  epidermal  cells,  especially  those  of  the  nucellus,  are 
filled  with  starch  and  become  so  turgid  that  they  are  frequently  torn 
loose  from  the  layer  beneath  (fig.  26). 

In  the  collection  which  reached  Chicago  on  May  11, 1903,  numbers 
of  young  plants  were  escaping  from  strobili  still  attached  to  the  stem. 
This  shows  that  under  conditions  favorable  for  growth  the  period  of 
rest  of  the  seed  of  E.  trijurca  is  a  brief  one,  if  indeed  it  has  a  resting- 
period. 

Staminate  and  ovulate  strobili  were  first  recognized  in  December, 
but  they  had  probably  been  set  the  preceding  month  and  perhaps 
earlier.  The  time  from  the  setting  of  the  strobili  to  the  "germina- 
tion" of  the  seed  is  therefore  approximately  six  months.  Compared 
with  pines  the  time  is  short,  for  the  latter  require  about  thirty-six 
months. 

DISCUSSION 

The  ovulate  strobilus  of  Ephedra  is  compound,  a  character  common 
to  all  Gnetales  and  shared  by  the  Coniferales.  The  staminate 
strobilus,  as  in  other  Gnetales,  is  also  compound,  a  character  not  found 
in  other  gymnosperms.    Perhaps  the  nearest  approach  to  a  com- 
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pound  staminate  strobilus  outside  the  Gnetales  is  the  short  branch 
of  Torreya  taxijolia,''  which  bears  a  simple  staminate  stiobilus  in 
the  axil  of  each  leaf  of  die  short  branch.  It  is  conceivable  that  by 
shortening  the  intemodes  in  such  a  branch,  a>mbined  with  a  further 
reduction  of  the  sporophyll  number,  a  compoimd  strobilus  will  result; 
it  is  at  least  suggestive  of  the  way  in  which  staminate  and  ovulate 
compound  strobili  may  have  originated. 

The  two  integuments  of  the  ovule  of  Ephedra,  a  character  shared 
with  the  Taxineac,  may  be  regarded  as  a  primitive  condition,  a  con- 
dition even  more  primitive  than  in  Taxineae,  for  the  nucellus  is  free 
for  a  considerable  part  of  its  length.  Also  the  inner  integument  hrst 
appears  as  two  parts,  and  the  outer  as  four,  each  distinct  in  origin. 
The  tendency  in  both  gymnosperms  and  ai^osperms  seems  to  be 
toward  union  of  the  two  integuments  into  one. 

The  male  gametophyte  of  E.  trijurca  shows  a  primitive  condition 
in  that  it  has  retained  two  persistent  prothallial  cells.  A  comparison 
with  the  other  groups  of  gymnosperms  shows  that  in  Cycadales  the 
male  gametophyte  is  less  primitive  in  that  it  has  retained  only  one 
prothallial  cell,  with  perhaps  occasionally  another  very  evanescent 
one.  Ginkgoales  have  one  persistent  and  one  evanescent  prothallial 
cell.  In  Coniferales  the  Taxaceae  and  the  Pinaceae  show  all  grades 
in  reduction  of  prothallial  cells;  Podocarpus  HaUii,  now  being 
studied  in  this  laboratory  by  Mr.  L.  L.  Bitklincaue,  frequently 
has  as  many  as  eight  prothallial  cells;  Taxus  and  Torreya  have  none; 
Araucaria  perhaps  shows  several  prothallial  cells;  Finns  has  two 
evanescent  prothallial  cells;  and  the  Cupressineae  none  at  all. 
According  to  Pearson,*  Tumboa  has  one  prothallial  cell.  The 
testimony  as  to  the  Gnetums  is  doubtful;  apparently  some  of  them 
have  one  ephemeral  prothallial  cell  and  others  none  at  all.  E.  tri- 
jurca, therefore,  may  be  said  to  have  retained  a  primitive  character 
of  its  male  gametophyte  longer  than  Cycadales  and  Ginkgo,  and 
longer  than  most  Coniferales.  It  is  possible  that  the  number  of 
prothallial  cells  will  be  found  to  vary  in  other  species  of  Ephedra; 

T  Coulter,  Ioes  M.  and  Land,  W.  J.  G.,  Gametophytes  and  embryo  of  Torrtya 
taxijolia.     Bot.  Gazette  39: 161-178.  pU.  A,  1^3.  1905. 

■  Pearson,  H.  H.  W.,  Some  observations  on  Wtlwitukia  mirabUis  Hooker  /. 
Phil.  Trans.  Roy.  Soc.  London  B  188;  265-304.  fls.  18-22.   1906. 
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Strasbukgee  found  one  prothallial  cell  in  E.  campylopoda  and 
Jaccakd  none  at  all  in  E.  helvetica.  The  technique  is  difficult  and 
it  is  not  safe  to  assume  the  absence  of  prothallial  cells  until  a  very 
large  number  of  thin  sections  have  been  studied.  The  Gnetales  as 
a  group  appear  to  have  retained  the  primitive  character  of  the  male 
gametophyte  along  with  a  very  high  degree  of  specialization  of  the 
female  gametophyte.  In  general  a  form  showing  a  number  of  highly 
specialized  characters  may  be  expected  to  have  primitive  characters 
still  lingering  somewhere,  perhaps  because  of  the  very  high  speciali- 
zation of  the  majority  of  structures. 

The  usual  number  of  sperms  or  male  nuclei  in  gymnosperms  is  two. 
That  this  reduced  number  is  derived  from  a  gymnosperm  condition 
in  which  more  than  two  sperms  or  male  nuclei  were  produced  in  a 
single  pollen  tube  is  very  probable.  The  comparative  study  of  anther- 
dia  and  archegonia  of  bryophytes  and  pteridophytes  shows  that  the 
antheridium  is  less  conservative  than  the  archegonium.  Possibly 
the  retentioa  of  the  usual  two  sperms  or  male  cells  in  gymnosperms 
is  dependent  upon  the  conditions  under  which  they  function.  In 
gymnosperms  the  female  gametophyte  appears  to  have  two  tendencies; 
first  to  collect  the  archegonia  into  groups — archegonium  complexes — 
in  a  common  archegonial  chamber;  second,  to  reduce  gradually  the 
number  of  archegonia,  maturing  the  few  which  are  left  earlier  and 
earlier  in  the  history  of  the  female  gametophyte,  until  they  mature 
immediately  after  the  free  nuclear  stage ;  finally,  the  free  nuclei  become 
eggs.  The  first-named  situation,  which  perhaps  after  all  may  be 
only  one  of  the  stages  in  the  last-named  series,  is  best  shown  by  the 
Cupressineae;  the  second  tendency  is  illustrated  by  the  taxad-Gneta- 
les-angiosperm  series.  In  Cycadales  the  sperms  in  each  pollen  tube, 
with  one  exception  as  yet,  are  two  and  equal,  both  being  discharged 
into  an  archegonial  chamber  in  which  the  archegonia  are  grouped; 
and  each  sperm  has  an  equal  chance  to  function.  In  Cycadales  the 
archegonia  are  on  the  whole  numerous,  and  that  the  archegonial 
group  has  resulted  from  the  coming-together  of  scattered  archegonia 
and  that  the  tendency  is  further  to  eliminate  archegonia  is  shown  by 
the  recent  studies  of  Dioon  edule  by  Chamberlain,!'  who  finds  from 

«  Cbamberlain,  C.  J.,  The  ovule  and  female  gametophyte  of  Dioon.  Bot. 
GiUErrE4a:jit-358.  1906. 
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five  to  one  archegonta  in  a  chamber.  An  exceptional  case  was  noted 
in  which  there  were  two  archegonial  chambers,  each  containing  five 
archegonia;  also  instances  were  noted  in  which  no  archegonia  were 
produced. 

In  Ginkgoales  the  two  equal  sperms  are  discharged  into  an  arche- 
gonial chamber  usually  containing  two  archegonia,  although  occasion- 
ally three  may  be  present;  one  functional  and  one  abortive  archego- 
nium  are  not  infrequent.  Here,  as  in  cycads,  conditions  axe  favorable 
for  the  retention  of  equality  of  sperms,  at  least  for  a  very  long  time. 

In  Coniferales  the  situation  is  variable.  In  Podocarpus  coriacea, 
CoKER'"  found  unequal  male  nuclei.  The  long-necked  archegonia 
vary  from  six  to  ten  and  are  separated  from  each  other  by  one  or  more 
layers  of  cells;  and  the  jacket  cells  do  UQt  go  to  pieces  at  the  time  of 
fertilization.  Since  a  pollen  tube  discharges  its  contents  into  a 
single  archegonium,  only  one  male  nucleus  can  possibly  function. 
In  Taxus"  and  in  Torreya"  the  male  nuclei  are  unequal,  and  the 
latter  perhaps  throws  some  light  on  the  Ephedra  situation.  In 
Torreya  the  usually  solitary  archegonium  appears  as  soon  as  walls 
are  formed;  even  for  a  time  after  fertilization  the  walls  are  extremely 
tenuous,  but  show  no  tendency  to  break  down.  The  gametophyte 
situation  therefore  closely  resembles  that  in  Ephedra. 

In  Pinus  the  numerous  archegonia  are  scattered  as  in  Podocarpus, 
but  differ  in  that  each  archegonium  has  an  individual  archegonial 
chamber.  The  secx>nd  male  nucleus  has  no  chance  to  function  unless 
it  may  occasionally  fuse  with  the  ventral  nucleus.  The  male  nuclei 
are  reported  by  Cooltee'^  to  be  equal  in  P.  Banksiana;  Chaubek- 
LAIN'*  reports  them  equal  in  P.  Laricio;  while  in  P.  Sirobus  Miss 
Ferguson'^  reports  them  as  unequal.    An  examination  of  Miss 

.  ">  CoEEK,  W.  C-,  Notes  on  llie  gametophytes  aod  embryo  of  Podocarpus.  Bor. 
Gazette  33:89-107.  ph.  $-?■  \<)oi- 

"  Belajeft,  W.,  Zur  Lehre  voo  den  PoUenschlauche  der  Gymnospennen.  Ber. 
Deutscb.  Bol.  Gesells.  11:196-201.  pi  12.  189J. 

"  CoOLTES,  John  M.,  and  Land,  W.  J.  G.,  Gametophytes  and  embtyo  of  Tor- 
reya  laxijolio.     Bor.  Gazette  39:161-178.  fdt.  A,  i-j.  1905. 

■J  CocLTEB,  John  M.,  Notes  on  fertilization  and  embiyogeny  of  conifers.  BOT. 
Gazette  33:40-43.  pL6.  1897. 

'4  Chamberiain,  C.  J.,  Oogene^  in  Pitius  Larido.  Bot.  Gazette  37 :  a66-a8o, 
ph.  4^.  1898. 

■iFekgosom,  Makgaset  C-,  Contribution  to  the  knowledge  of  the  life-history 
at  Pinus.    Proc.  Wash.  Acad.  ScL  6:  i-aoi.  ph.  1-24.  1903. 
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Ferguson's  drawings,  which  show  some  of  the  male  nuclei  very  irregu- 
lar in  outline,  si^gests  the  desirability  that  conclusions  as  to  the 
equality  of  irregular  nuclei  should  be  based  on  volume  rather  than  on 
optical  sections.  Perhaps  the  male  nuclei  of  P.  Banksiana  and  P. 
Laricio  are  more  resistant  to  the  conditions  which  cause  elimination  of 
supernumerary  cells  than  is  P.  Strobus. 

In  Cupressineae  the  tendency  to  mass  the  archegonia  in  a  common 
group  finds  its  highest  expression;  in  Thuja  the  fiuther  tendency  to 
eliminate  some  of  the  archegonia  is  also  apparent.  In  this  group, 
with  one  notable  exception,  the  male  nuclei  are  two,  and  in  all,  so  far 
as  yet  seen,  are  equal  in  volume  and  have  equal  chances  to  function. 
There  are  good  reasons  for  believing  that  if  few  male  nuclei  were  dis- 
charged into  the  complex  the  number  of  archegonia  would  be  reduced 
gradually  because  of  failure  to  fimction.  In  most  of  the  Cupressineae 
the  relatively  high  number  of  archegonia  in  a  ramplex  seems  to  be 
retained  by  having  several  pollen  tubes  reach  the  complex. 

A  member  of  the  Cupressineae  gave  us  the  first  proof  of  what 
seems  to  have  been  the  primitive  condition  of  the  gymnosperm  pollen 
tube.  In  1904  Joel,'*  studyii^  Cupressus  Govmiana,  found  some- 
times four,  more  frequently  eight  to  ten,  and  occasionally  as  many 
as  twenty  male  cells  in  each  pollen  tube.  Juel  considers  the  female 
gametophyte  an  abnormal  one,  for  io  one  instance  only  did  it  get 
beyond  the  free  nuclear  stage  and  produce  archegonia.  The  condi- 
tions which  enable  these  numerous  male  nuclei  to  function  are  cer- 
tainly ideal.  In  order  to  retain  the  large  number  of  male  cells  which 
Juel  rightly  considers  a  primitive  gymnosperm  condition,  it  seems 
that  for  some  reason  the  female  gametophyte  of  Cupressus  Goveniana 
early  lost  its  conservatism  and  went  a  step  beyond  the  archegonium 
complex  and  formed  free  eggs.  It  certainly  shows  an  interesting 
transition  from  archegonia  to  free  eggs,  and  illustrates  the  tendency 
among  gymnosperms  to  eliminate  archegonia.  The  massing  of 
archegonia  and  final  elimination  of  walls  must  have  taken  place  in 
Cupressus  Gerveniana  while  the  male  cells  were  still  numerous,  for 
in  no  other  way  does  it  seem  possible  to  preserve  the  large  number  of 
male  ceUs.  That  Juel  did  not  observe  these  free  nuclei  functioning 
in  no  way  invalidates  this  conclusion. 

'^JDEL,  H.  O.,  Ueber  den  Pollemchlauch  von  Cupressus.  Flora  93:56-61. 
pi.  3.  1904. 
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In  this  connection  it  may  be  well  to  call  attention  to  Microcycas  calo- 
coma,  recently  studied  by  Caldwell,"  which  shares  with  Cupressus 
Goveniana  the  distinction  of  having  retained  a  laige  number  of 
sperms,  sixteen  being  discharged  from  a  single  pollen  tube.  Large 
numbers  of  clustered  archegonia  are  scattered  all  over  the  female 
gametophyte;  also  in  numerous  cases  multinucleate  archegonia 
were  noted.  This  last  condition  seems  to  show  that  Microcycas 
while  retainii^  archegonia  has  also  only  partially  established  septation 
among  the  free  nuclei.  The  writer  believes  that  the  multinucleate 
archegonia  of  Microcycas  are  homologous  with  the  "archegonial 
tubes  "  of  Tumboa,  and  that  the  female  gametophyte  instead  of  being, 
as  Caldwell  believes,  the  most  primitive  in  cycads,  has  attained 
almost  if  not  quite  to  the  level  of  Tumboa.  The  same  tendency  to 
eliminate  archegonia  that  is  shown  in  all  other  groups  of  gymnosperms 
holds  for  cycads  in  a  marked  degree. 

The  Gnetales  present  practically  an  unbroken  series  iUustratii^ 
the  disappearance  of  archegonia  and  the  coming-in  of  the  embryo  sac. 
In  E.  Irifurca  the  long-necked,  slightly  scattered  archegonia  are  very 
similar  to  those  of  Podocarpus.  The  antipodal  end  of  the  gameto- 
phyte is  strikingly  like  the  same  region  of  Torreya,  but  the  micropylar 
end  shows  an  advance  over  Torreya  in  having  the  cells  more  loosely 
arranged  and  the  jacket  Cells  sometimes  simulating  eggs.  The  per- 
sistence of  two  equal  male  nuclei  is  perhaps  due  to  the  fact  that  the 
nuclei  of  the  jacket  cells  in  most  cases  become  free.  Another  taxad 
character  of  Ephedra  is  the  absence  of  resin  ducts.  It  must  not  be 
assumed  because  of  these  resemblances  to  taxads  that  Ephedra,  and 
of  course  the  other  Gnetales,  are  an  offshoot  from  the  Taxaceae. 

A  comparison  of  the  female  gametophyte  of  Tumboa  shows  a 
close  resemblance  to  that  of  Ephedra  in  the  antipodal  region,  but  the 
micropylar  end  shows  a  very  decided  advance.  Pearson  (/.c.)finds  that 
the  "corpuscula"  described  by  Strasburger and  by  him  considered 
as  archegonium  initials  are  in  reality  multinucleate.  He  calls  them 
"  prothalliaL  tubes  "  and  considers  the  micropylar  region  as  even  more 
highly  specialized  than  in  Gnetum.  The  evidence  obtained  from  a 
study  of  the  tendencies  of  the  female  gametophyte  of  all  groups  of 

"Caldweu,  O.  W.,  Microcycas  calocama.  Bot.  Gazette  44:118-141.  ^^■ 
10- 1 3.   1907. 
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gymnosperms  leads  the  writer  to  conclude  that  the  piothallial  tubes 
of  Tumboa  are  best  regarded  as  partial  septations  among  the  free 
nuclei  of  the  miciopylar  end,  and  that  the  condition  shown  by  Tumboa 
is  a  necessary  stage  in  the  elimination  of  the  archegonium  and  the 
evolution  of  the  embryo  sac.  Such  an  explanation  is  in  keeping  with 
the  tendencies  of  every  g)rmnosperm  group.  Of  the  male  nuclei  of 
Tumboa  we  know  nothing. 

In  Gnelum  Gnemon,  according  to  Lotsy,'*  the  female  gametophyte 
has  the  antipodal  region  compact,  with  all  traces  of  walls  lost  in  the 
micropylar  end,  and  the  free  nuclei  all  functional  eggs.  This  is  an 
advance  over  the  partially  septate  condition  of  Tumboa.  Two  male 
nuclei  are  produced,  but  Lotsy  is  silent  concerning  their  equality; 
from  the  condition  under  which  they  function  there  can  be  little 
doubt  that  they  are  equal.  In  the  embryo  sac  of  G.  Rumphianum 
Lotsy  found  slight  traces  of  septation.  In  the  species  of  Gnetum 
investigated  by  KABSTEN'»all  trace  of  septation  of  the  embryo  sac  is 
absent  at  the  time  of  fertilization. 

If  we  arrange  a  representative  series  of  gymnosperms  based  on  the 
female  gametophyte  alone,  the  series  will  be  as  follows:  Podocarpus 
with  its  long-necked  scattered  archegonia;  Torreya  with  usually  a 
single  archegonium  appearing  almost  immediately  after  the  free  nuclear 
stage  and  having  the  antipodal  and  micropylar  regions  only  slightly 
differentiated;  Ephedra  Irifurca  with  from  one  to  three  long-necked 
archegonia  with  jacket  cells  sometimes  simulating  eggs,  with  antipodal 
and  micropylar  regions  sharply  differentiated,  the  former  compact, 
the  latter  feebly  walled ;  Microcycas  with  a  loosely  oi^anized  game- 
tophyte at  time  of  fertilization  and  having  archegonia  in  clusters  and 
also  clusters  of  multinucleate  archegonia  which  in  the  opinion  of  the 
writer,  based  on  a  comparative  study  of  gymnosperms,  are  partial 
■  septations  among  free  nuclei ;  Tumboa  with  free  nuclei  functioning 
as  eggs  in  the  partially  septate  micropylar  end  of  the  gametophyte; 
Gnetum  Gnemon  with  the  antipodal  region  compact  and  the  micropy- 

»»  Lotsy,  J.  P.,  Contribution  to  the  life-history  of  the  genus  Gnetum.  Ann. 
Jard.  Bot.  Buitenzorg  II.  1:46-114.  pis.  i-li.  1899. 

'v  Kassten.  H.,  BeitrSge  zur  Enlwickelungsgescbichte  einiger  Gnetum-Artea. 
Bot.  Zeit.  So;i05-3i5,  aii'131,  137-146.  fU.  5,  6.  1891;  also  Zur  Entwicketungs- 
geschichte  der  Gatlung  Gnetum.  Cohn's  Beilr.  Biol.  Pfl,  6:337-383.  fls.  8-11 
'893. 
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lax  region  unseptate  aad  containing  free  ^gs;  G.  Ulc,  G.  ovalijolium, 
and  G.  vemtcosum  with  an  embryo  sac  containing  hee  tgga.  Cupres- 
sus  Goveniana  is  probably  near  the  Tumboa  level. 

It  seems  that  diuii^  the  time  the  female  gametophyte  is  passing 
from  the  scattered  archegonium  condition  either  to  the  archegonium 
complex  or  to  the  free-^g  condition  there  will  necessarily  be  a  reduc- 
tion in  the  number  of  male  nuclei,  because  of  the  impossibility  of 
more  than  one  functioning  as  we  now  understand  the  meaning  of  die 
term  function.  When  either  the  complex  or  the  partially  free-egg  stage 
is  reached,  there  can  be  no  further  reduction  in  the  number  of  male 
cells  remaining.  From  this  it  follows  that  the  attainment  of  an  advanced 
stage  by  one  structure  may  result  in  the  preservation  of  primitive  con- 
ditions in  another  structure  intimately  connected  with  the  highly 
specialized  one.  Research  in  forms  showing  some  highly  specialized 
structures  is  likely  to  uncover  primitive  conditions,  which  we  are  now 
too  prone  to  dismiss  lightly  as  "interesting  abnormalities,"  but  which 
are  in  reality  stages  marking  progress. 

The  division  of  the  fertilized  e^  to  produce  eight  proembryoiul 
nuclei  is  a  common  habit  of  gymnosperms.  The  failure  of  three  to 
six  of  these  free  cells  in  E.  trifurca  is  suggestive  of  the  next  stage,  the 
direct  production  of  a  single  embryo  from  the  fertilized  e^,  which  is 
characteristic  of  Tumboa,  Gnetum,  and  angiosperms.  That  the 
old  habit  of  producing  several  embryos  is  occasionally  retained  by 
Gnetum  is  shown  by  an  observation  by  Lotsy,  who  says  that  occasion- 
ally, as  the  suspensor  is  pushing  downward,  branching  of  the  embryo 
may  occur. 

The  sporophyte  characters  of  the  Gnetales  are  so  well  known  that 
it  is  needless  to  discuss  them. 

A  comparison  of  all  the  characters  of  Gnetales  seems  to  show  that 
we  have  a  fairly  consistent  group,  the  most  primitive  being  Ephedra, 
the  most  advanced  Gnetum,  with  Tumboa  between,  but  perhaps 
nearer  to  Gnetum  than  to  Ephedra.  That  the  three  are  phylogeneti- 
cally  related  seems  certain. 

There  is  no  proof  that  the  Gnetales  have  been  derived  from  or  are 
directly  related  to  any  living  group.  They  have  many  characters  of 
Coniferales,  and  if  related  to  Coniferales  at  all  it  must  be  to  the 
Taxaceae  with  which  they  have  many  things  in  common,     Gnetales 
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must  be  regarded  as  a  modem  group  and  the  possibility  of  the  deriva- 
tion of  angiosperms  from  them  is  of  great  theoretical  interest. 

SUiaiAKV 

Ephedra  trifurca  is  monosporangiate,  but  occasionally  bisporangiate 
strobili  occur. 

The  beginning  of  the  staminate  and  ovulate  strobili  can  be  seen 
in  December;  the  pollen  is  shed  about  April  i,  and  the  ovulate  strobili 
early  in  May. 

The  anthers,  developing  in  acropetal  succession  on  a  compound 
strobilus,  are  surrounded  by  a  perianth. 

Two  integuments,  tree  &om  each  other  except  at  the  base  of  the 
ovule,  are  present ;  the  outer  has  four  rudimentary  bundles,  the  inner 
two. 

The  nucellus  is  free  from  the  inner  integument  for  more  than  half 
its  length. 

A  conspicuous  pollen  chamber  reaches  down  and  lays  bare  the  tip 
of  the  gametophyte,  on  which  many  of  the  pollen  grains  come  to  rest. 

The  pollen  chamber  is  finally  closed  by  a  plug  derived  from  the 
outermost  layer  of  the  gametophyte  cells  forming  the  bottom  of  the 
chamber;  this  plug  prevents  the  escape  of  the  embryo  into  the  pollen 
chamber. 

The  pollen  grain  sheds  its  exine  on  contact  with  the  mucilage  in 
the  pollen  chamber  or  in  culture  media,  and  the  body  cell  divides 
before  the  pollen  tube  appears. 

Two  male  nuclei  equal  in  volume  and  optical  appearance  are  pro- 
duced. 

The  female  gametophyte  is  composed  of  two  definite  physiological 
regions,  a  loose  micropylar  and  a  compact  antipodal  one  with  hausto- 
rial  cells  at  the  base.  A  column  of  thin-walled  cells  containing  much 
food  extends  from  the  base  of  the  archegonia  through  the  center  of 
the 
the 
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The  second  male  nucleus  disappears  in  the  upper  end  of  the  egg 
and,  as  it  disintegrates,  minute  cells  appear,  which  are  believed  to  be 
the  joint  product  of  the  chromatin  of  the  second  male  nucleus  and  the 
chromatin  of  some  of  the  jacket  cells;  these  minute  cells  at  least 
foreshadow  the  endosperm  of  angiosperms,  and  may  be  called  physio- 
logical endosperm. 

The  fusion  nucleus  gives  rise  to  eight  free  nuclei,  two  to  five  of 
which  produce  suspensors. 

Each  functioning  proembryo  produces  an  embryo  with  a  single 
suspensor. 

Only  one  embryo  reaches  maturity. 

If  moisture  is  sup[died  the  seed  does  not  rest. 

Six  months  elapse  from  the  setting  pf  the  stiobili  to  the  "germina- 
tion" of  the  seed. 

Ephedra  must  be  considered  as  the  most  primitive  of  the 
Gnetales. 

Note. — Since  thb  paper  was  in  type,  a  paper  bj  Miss  Bekridoe  and  Miss 
Sandy""  on  E.  distachya  has  appeared. 

Tbej  report  the  male  nuclei  as  being  indosed  in  a  common  cytoplasmic 
sheath  and  markedly  unequal.  The  functional  nucleus  slips  from  this  sheath, 
but  was  not  observed  to  function.  Two  kinds  of  embryos — normal  and  abnor- 
mal— are  described;  the  former  bding  essentially  as  described  for  £.  trifurca;  the 
latter,  if  the  interpretation  of  the  authois  is  accepted,  is  unique  among  gymno- 
sperms.  The  nuclei  of  the  jacket  celb  divide  amitotically,  escape  from  the  cells, 
fuse  in  pairs,  and  produce  proembryos.  "In  some  cases  the  embryos  are  merely 
enlarged  jacket  cells  which  project  into  the  archi:gonium."  The  writer  has 
repeatedly  observed  in  E.  trijvrca  appearances  which  at  the  first  ^ance  might  be 
interpreted  as  ihey  are  by  these  authors ;  but  on  careful  enammation  and  comparison 
in  several  thousand  ovules  they  were  found  to  be  proembryos  formed  m  the  usual 
way.  The  ovule  of  Ephedra  is  so  delicate  that  a  slight  pressure  before  fixation 
f  is  almost  certain  to  result  disastrously  to  the  structures. 

The  L'niveksitv  of  Chicago 

EXPLANATION  OF  PLATES;  XX-XXH 
All  figures  were  drawn  with  the  aid  of  an  Abb^  camera  ludda  and  reduced 
one-half  in  reproduction.  Abbreviations  are:  m„  male  nudeus  which  fuses  with 
the  egg  nudeus;  m,,  male  nudeus  which  does  not  fuse  with  the  egg  nudeus;  s, 

">  Behbidge,  Ethei.  M.,  and  Sandav,  Elizabeth,  Oogoiesis  and  Embryogeny 
in  Ephedra  distachya.     New  Phytokigist  6: 118-134,  167-174-  pli.  Z,  3.  1907. 
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■talk-cell  nndem;  f,  tube  nucleus;  pt,  poUen  tube;  o,  egg  undeus;  v,  ventral 
nucleus;  p,  proembryonal  nudeus;  tt,  suspensor  tube;  m,  suspensor  nucleus; 
en,  embfyo-initial  nudeus;  s,  suspensor;  «,  embryo-initial  cell. 


Fig.  t.  Divi^n  of  the  body  cell.  X500. 

Fig.  a.  FoUen  tube  with  tube  nudeus  entering  the  tube;  in  the  pollen  grain 
are  the  two  male  nuclei  lying  side  by  side,  above  and  to  the  ri^t  is  the  stalk 
nudeus.  X500. 

Fio.  3.  Pollen  tube  which  has  attained  the  maximum  length  in  saccharose 
solution.  X500. 

Fig.  4.  Median  longitudinal  section  thiou^  an  archegonium  showing  end  of 
pollen  tube,  the  fusion  of  a  male  nudeus  with  the  egg  nudeus,  ventral  nudeus, 
and  the  seoind  male  nudeus.  X  350. 

Fig.  5.  Archegonium  showing  fusion  nucleus,  ^agmeuts  of  the  ventral  nudeus. 
the  second  male  nudeus,  and  jacket  cells,  some  of  which  are  dividing  amitotically. 
Xaso. 

PLATE  XXI 

Fig.  6.  Upper  end  of  egg,  showing  second  male  nudeus,  small  cells  derived 
from  various  sources,  and  one  of  two  functioning  procmbryos.  X500. 

Fig.  7.  Upper  end  of  egg  showing  a  stage  of  the  second  male  nudeus  sli^tly 
later  than  in  fg.  6,  the  small  ephemeral  cells,  and  two  of  four  functioning  pro- 
embryos.  X500. 

Fig.  8.  Proembryos,  showing  incomfdcte  deavage  of  the  cytoplasm.  X500. 

Fig.  (j.  Three  of  five  functioning  proembryos;  jacket  nudei  in  the  egg  C3I0- 
plasm;  free  masses  of  cytoplasm;  also  masses  of  cytofdasm  remaining  after  the 
pioembryonal  cells  have  been  carved  out.  X500. 

Fig.  lo.  Disintegration  of  jacket  cells.  X500. 

Fig.  II.  One  of  the  proembryos  before  formation  of  the  suspensor  tube;  the 
nudeus  will  shortly  divide.   X500. 

Fig.  12.  Proerabryo  with  two  free  nudei  and  two  papillae,  the  larger  of  which 
is  the  begiiming  of  the  suspensor  tube.  X  500. 

Fig.  13.  Proembryo  with  suspensor  tube;  the  larger  nudeus  is  the  embryo- 
initial  nucleus;  the  smaller  will  be  the  suspenaor  nudeus.  X500. 

PLATE  XXII 

Fig.  14.  Cleavage  plane  cutting  off  the  embryo-initial  cdl  from  the  tip  of  the 
suspensor  tube.  X500. 

Fig.  15.  Detail  of  the  cleavage  plane  separating  the  embryo  initial  from  the 
suspensor.  X1900. 

Fig.  16.  A  stage  ali^tly  later  than  fig.  14.  X  500. 

Fic.  17.  Elongated  suspensor  with  embryo -initial  cell  shortly  before  dividing. 
Xsoo. 
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Fig.  18.  Division  of  embrro  initiBl  cell.  X500. 

Fig.  19.  A  sUge  sli^dj  later  than  ^g.  18.  X500. 

Fig.  ao.  Division  of  basal  cell  of  the  emt»yo;  length  of  m^iensor  1.84'™'. 
Xsoo. 

Fig.  31.  Division  of  apical  cell  of  embiyo.  Xsoo. 

Fig.  39.  An  embyro  sli^tly  older  than  fig.  21;  length  of  suspensor  a.S*™. 
X500. 

Fig.  33.  Organization  of  dermatogen  and  banning  of  die  secondai;  suspen- 
sor; lengdi  of  suspensor  3.1'°°',  the  longest  suspensoi  found  in  any  prepantion. 
Xaso. 

Fig.  94.  Embryo  and  secondary  suspensor.  Xaso. 

Fig.  95.  Eariy  stage  in  formation  of  the  pollen-chamber  plug.  Xaso. 

Fig.  36.  Efadermal  cells  of  nucellus  containing  starch.  Xaso. 
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THE  DEVELOPMENT  OF  THE  SEED  IN  THE 
PONTEDERIACEAE 

W.  C  COKXS 

(with  plate  xxm) 

A  chance  section  of  the  young  seed  of  Pontederia  made  several 
years  ago  presented  a  peculiar  appearance  in  the  antipodal  end  of 
the  endosperm  that  led  me  to  make  an  investigation  of  seed  develop- 
ment in  this  family.  I  have  been  able  to  study  Pontederia  cordala 
and  Heterantkera  limosum  in  some  detaQ,  and  Eichhomia  crassipes 
to  a  less  extent.  Collections  of  Pontederia  have  been  made  in  South 
Carolina  and  New  York  for  several  years.  All  my  Heteranthera  and 
Eichhomia  material  was  collected  in  Jamaica  durii^  August  1900. 

Examination  of  the  literature  of  this  family  shows  but  one  title 
dealing  with  its  embryology.  In  1898  Smith  (14)  published  a  rather 
full  account  of  seed  development  tn  Eichhomia  and  Pontederia,  and 
gave  one  figure  of  the  embryo  sac  of  Heteranthera.  Oddly  enough, 
he  completely  overlooked  the  interesting  peculiarity  that  appears  in 
the  endosperm  of  all  three  of  the  above  genera,  but  otherwise,  where 
parallel,  my  work,  with  a  few  exceptions,  agrees  with  his.  As  Smtth 
did  not  attempt  to  give  the  development  of  Heteranthera,  I  have  made 
a  careful  study  of  its  ovular  growth  as  a  comparison  with  his  work 
on  Eichboroia  and  Pontederia.  In  the  last  two  genera  I  have  confined 
myself  to  the  origin  and  development  of  the  endos[>erm,  which  has 
the  same  peculiarity  in  all  three  types.  Hofmeister  (9)  devotes  a 
few  lines  to  the  development  of  Pontederia,  but  does  not  mention  two 
sorts  of  endosperm. 

HETERANTHERA 

The  megaspore  mother  cell  of  Heteranthera  is  separated  from  the 
epidermis  by  a  single  tapetal  layer,  as  is  commonly  the  case  in  mono- 
cotyledons (fig.  i),  and  it  reaches  a  very  conspicuous  size  before  its 
first  division  (fig.  2).  The  spindle  of  this  division  lies  near  the  distal 
end  of  the  cell,  and  cuts  off  a.  small  upper  and  a  large  lower  cell  (fig.  j). 
Each  of  these  now  divides  (fig.  4),  and  the  result  is  a  large,  lower, 
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viable  megaspore,  with  three  small  potential  ones  above.  The  two 
upper  spores  may  either  lie  side  by  side  {fig.  5),  or  one  over  the  other 
{fig.  50),  agreeing  in  this  respect  with  Eichhomia  (Siuth).  The 
division  line  between  the  upper  two  cells  is  very  obscure,  and  as  the 
cells  soon  show  a  sign  of  disorganization  the  cell  wall  separating 
them  soon  becomes  invisible.  In  Eichhomia,  Siuth  describes  two 
methods  of  megaspore  formation  from  the  mother  cell;  one  as  I  have 
just  described  for  Heteranthera,  and  another  in  which  "the  elonga- 
tion of  the  ovule  is  accompanied  by  an  elongation  of  the  primary 
sporogenous  cell  without  division  of  the  latter.  .  .  .  The  subsequent 
divisions  in  the  elongated  sporogenous  cell  take  place  in  quick  suc- 
cession." He  further  says,  "From  a  study  of  a  large  number  of  cases, 
similar  to  figs.  14  and  15,  I  have  been  led  to  believe  that  the  four 
mother  cells  when  formed  in  this  way  are  seldom,  if  ever,  separated 
by  walls."  I  have  noticed  nothing  in  Heteranthera  to  indicate  that 
there  are  two  methods  of  megaspore  formation.  Walls  are  always 
formed  in  both  first  and  second  divisions,  and  the  divisions  occur  in 
all  cases  as  I  have  described. 

Almost  as  soon  as  formed,  the  large  lower  megaspore  rommences 
to  elongate  and  encroach  on  the  ones  above  it,  and  after  destroying 
them  it  pushes  on  through  the  tapctum  and  reaches  the  inner  edge 
of  the  epidermis  {fig.  6).  Division  of  the  nucleus  now  takes  place 
and  the  embryo  sac  is  soon  organized  {figs.  6  and  7).  The  structure 
of  the  sac  is  perfectly  normal  at  this  time;  the  synergids  are  rather 
sharply  pointed  and  arc  decidedly  denser  than  the  egg;  the  antipodals 
are  quite  distinct,  though  small.  Smith  states  that  in  both  Pontederia 
and  Eichhomia  the  antipodals  are  ephemeral,  disappearing  early,  but 
I  have  foimd  this  not  to  be  the  case  in  either  Heteranthera  or  Ponte- 
deria. The  lower  end  of  the  sac  where  the  antipodals  rest  develops 
scarcely  at  all  in  the  subsequent  growth  of  the  ovule,  and  remains  as  a 
little  projecting  pocket  from  an  apparent  basal  invagination  {jig.  p). 
In  fig.  8  is  represented  a  sac  at  about  the  time  of  fertilization.  The 
definitive  endosperm  nucleus  is  very  large  and  conspicuous,  being 
in  fact  as  lai^e  as  the  egg  or  synei^ds. 

At  the  stage  represented  in  fig.  9  a  cell  wall  is  present,  cutting  off 
the  lower  end  of  the  sac  into  a  separate  chamber.  In  this  chamber 
are  a  number  of  endosperm  cells  in  addition  to  the  three  antipodals 
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which  still  occupy  their  little  pocket.  The  origin  of  this  lower  tissue 
has  not  been  determined  in  all  stages  for  Heteranthera,  but  from  its 
development  in  Pontederia  there  is  no  doubt  that  it  arises  from  the 
division  of  the  lower  of  the  two  nuclei  produced  by  the  first  division 
of  the  de&nitive  eDdosi>enn  nucleus.  A  later  stage  of  this  lower  endo- 
sperm is  shown  in  fig.  10.  The  section  shows  five  cells  below  the 
diaphragm  in  addition  to  the  antipodals.  It  will  be  seen  that  the 
cells  below  are  latter  than  those  above  the  partition.  As  this  tissue 
has  been  studied  most  carefully  in  Pontederia,  I  will  not  go  into  detail 
here  in  regard  to  it,  as  it  seems  the  same  in  both  cases. 

The  structure  of  the  nearly  mature  seed  of  Heteranthera  is  of 
sufficient  interest  to  warrant  some  description.  The  axial  embryo 
extends  nearly  the  whole  length  of  the  seed,  and  is  surrounded  by  a 
large-celled  endosperm,  which,  except  in  its  immediate  neighborhood, 
is  densely  packed  with  starch.  In  figs.  11  and  12  are  shown  longitudi- 
nal and  cross-sections  of  the  seed  coats  and  superficial  endosperm. 
The  nucellus  is  entirely  destroyed  except  for  the  scarcely  recognizable 
micropylar  cap,  and  the  aleuron  layerof  the  endosperm  Ues  in  immedi- 
ate contact  with  a  heavy  cellulose  membrane  secreted  by  the  inner 
integument.  The  inner  integument  (11)  is  considerably  crushed 
and  its  cells  are  so  densely  filled  with  deeply  staining  material  that 
their  outlines  are  not  recognizable  except  in  unusually  favorable 
conditions.  Beyond  the  inner  integument  is  a  still  heavier  cellulose 
membrane,  represented  by  a  white  line  in  the  figures.  This  mem- 
brane seems  to  be  secreted  by  the  cells  of  the  outer  integument,  which 
remains  permanently  two  layers  of  cells  in  thickness.  The  outer 
layer  changes  very  little  in  appearance  during  the  development  of  the 
seed,  remaining  thin  walled  and  boxlike,  with  the  long  axis  running 
parallel  to  the  longitudinal  axis  of  the  seed.  The  cells  of  the  inner 
layer,  on  the  contrary,  undergo  great  changes.  They  become  much 
elongated,  perpendicular  to  the  long  axis  of  the  seed,  and  flattened  in 
thi 
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appear  as  in  pg.  11.  Taken  in  a  channel  it  would  be  the  same  except 
for  the  height  of  the  inner  layer  of  the  outer  integument.  At  the  time 
represented  in  the  figures,  which  is  shortly  before  the  full  maturity 
of  the  seed,  these  large  cells  are  foimd  to  be  multinucleate,  with  nuclei 
and  protoplasm  in  apparently  normal  activity.  In  ^g.  12  five  nuclei 
are  shown  in  a  single  section;  they  seem  to  have  been  formed  by 
ordinary  mitotic  division.  Note  that,  contrary  to  what  might  be 
expected,  they  are  on  the  outer  side,  where  the  cell  walls  are  thin. 

PONTEDESIA 

As  SuTTH  has  followed  the  early  development  of  the  embryo  sac 
in  Pontederia,  I  have  taken  up  its  history  at  a  point  just  preceding 
the  formation  of  the  endosperm.  In  fig.  13  is  shown  a  sac  just  before 
the  division  of  the  definitive  endosperm  nucleus.  This  nucleus  lies 
very  low,  just  above  the  antipodal  pocket,  and  in  this  position  it  remains 
until  its  division.  As  a  result  of  the  first  division,  a  cross-wall  appears, 
cutting  the  sac  into  a  large  upper  chamber  and  small  lower  one 
(fig.  14).  The  endosperm  nuclei  in  each  chamber  now  divide  repeat- 
edly and  the  protoplasm  increases  rapidly  in  amount.  As  already 
mentioned,  the  lower  tip  of  the  sac  does  not  increase  in  size,  and  as 
the  part  above  grows  outward,  and  develops  downward  at  the  edges, 
the  antipodal  pocket  comes  finally  to  hang  from  the  center  of  a  ojn- 
siderable  depression  (fig.  17).  The  antipodals  never  divide,  but  they 
are  not  ephemeral,  as  described  by  Smith.  They  are  easily  visible 
after  cell  walls  have  appeared  in  the  endosperm. 

In  the  upper  chamber  of  the  sac  the  development  of  the  endosperm 
presents  no  great  peculiarities;  cell  formation  begins  only  after  the 
sac  has  increased  in  size  many  times  and  the  embryo  has  becx>me  con- 
spicuous. In  the  lower  chamber  the  protoplasm  increases  rapidly  in 
extent  and'density  (fig.  ly),  and  the  nuclei  multiply  by  mitotic  division 
imtil  their  number  becomes  quite  large,  fifteen  appearing  in  the 
single  section  shown  in  fig.  if.  Soon  after  cell  walls  begin  to  appear 
in  the  upper  chamber,  they  are  also  formed  in  the  lower,  but  in  a 
much  more  irregular  way.  From  the  first  the  cells  cut  out  of  the 
basal  endosperm  are  often  multinucleate,  while  those  above  are 
uninucleate,  as  usual,  when  first  formed.  Another  point  of  differ- 
ence is  that  the  cell  walls  in  the  antipodal  endosperm  soon  become 
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much  thicker  than  in  the  tissue  above  {Jig.  18).  As  the  growth  proceeds 
their  nuclei  become  very  irregular,  stain  deeply,  and  show  a  tendency 
to  fuse  together.  The  protoplasm  also  becomes  much  denser  than 
that  of  the  upper  endosperm  {fig.  18).  In  jig.  i<}  are  represented 
several  cells  of  the  antipodal  endosperm  more  highly  magnified; 
they  are  from  a  stage  slightly  later  than  represented  in  fig.  18. 

As  the  maturity  of  the  seed  approaches,  and  the  upper  endosperm 
begins  to  be  filled  with  starch,  the  cell  contents  of  the  lower  endosperm 
show  signs  of  disintegration.  The  nuclei  become  deeply  staining 
and  irregular  masses,  and  the  protoplasm  loses  its  distinctive  structure 
and  begins  to  disappear.  No  starch  was  found  in  these  cells  at  any 
time,  and  at  the  maturity  of  the  seed  they  appear,  like  the  cells 
immediately  above  them,  empty  and  somewhat  crushed  at  the  tip  of 
the  embryo. 

The  number  of  cells  in  the  basal  endosperm  may  become  quite 
large.  I  have  counted  as  many  as  forty-five  in  a  single  section,  and 
there  must  have  been  in  that  case  at  least  two  hundred. 

The  seed  coats  of  Pontederia  are  very  much  like  those  of  Heteran- 
thera,  except  that  the  outer  integument  is  three  cell-layers  thick,  with 
the  cells  of  the  two  outer  layers  thin  and  boxlike,  and  those  of  the 
inner  of  the  same  height  throughout,  giving  a  smooth,  instead  of 
ridged,  surface  to  the  seed. 

EICHHORNIA 
My  material  of  Eichhornia  was  not  sufficient  to  follow  the  develop- 
ment of  the  basal  endosperm,  but  its  presence  is  shown  in  my  sections 
at  several  stages.  It  seems  to  be  similar  in  every  way  to  that  of  Ponte- 
deria and  Heteranthera,  The  structure  of  the  seed  coats  is  exactly 
as  in  Heteranthera.    The  same  figures  would  do  for  both, 

CONCLUSION 

In  looking  over  the  literature  of  the  subject  I  find  but  a  single 
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give  the  exact  origin  of  this  tissue,  but  says:  "the  nuclei  resulting  bom 
the  first  divisions  of  the  endosperm  nucleus  take  position  at  either 
end  of  the  sac,  leaving,  however,  a  few  to  form  a  thin  parietal  layer 
between.  At  the  antipodal  end,  cell  formation  with  walls  begins 
at  once,  and  a  number  of  large  cells  form  a  tissue  which  stands  out 
conspicuously  in  the  cavity  of  the  sac,  which  otherwise  contains  only 
a  few  free  endosperm  nuclei."  Tillandsia  is  considered  a  near  rela- 
tive of  the  Pontederiaceae,  and  it  does  not  seem  improbable  that  the 
origin  of  this  tissue  is  the  same  in  both  cases.  A  difference  to  be 
noted  is  that  in  Tillandsia  the  basal  endosperm  tissue,  according  to 
Billings,  is  cellular  from  the  first. 

The  appearance  of  the  cross-walls  at  the  lower  end  of  the  sac  at 
the  first  division  of  the  endosperm  nucleus  will  at  once  recall  a  similar 
condition  in  Sagittaria  {Schatfnee  13),  Potamogeton  paucifiorus 
(WiEGAND  16),  and  Ruppia  (Mdrbeck  12).  In  these  cases,  how- 
ever, the  nucleus  in  the  lower  chamber  does  not  divide  to  form  a  tissue, 
as  in  the  Pontederiaceae,' 

In  Polamogeton  foHosus,  according  to  Wiegand  (17),  the  young 
embryo  sac  has  almost  the  same  appearance  as  in  Pontederia;  but 
this  structure  is  supposed  to  have  come  about  in  a  different  way.  The 
wall  that  cuts  off  the  lower  end  of  the  sac  is  derived  from  the  division 
of  one  of  the  first  four  nuclei  of  the  sac,  its  sister  nucleus  forming  the 
three  antipodals  which  occupy  the  little  pocket  below.  The  author 
thus  regards  the  large  nucleus  which  occupies  the  lower  end  of  the 
sac  as  an  antipodal,  as  it  is  the  sister  nucleus  of  the  lower  polar.  No 
upper  polar  nucleus  is  supposed  to  be  formed  and  the  endosperm 
develops  from  the  lower  polar.  This  whole  procedure  is  so  peculiar 
that  it  seems  of>en  to  some  doubt  until  confirmed, 

In  Potamogeloa  natans,  Holferty  (10)  finds  the  embryo  sac  in 
general  quite  normal,  hut  in  two  or  three  cases  a  large  nucleus  was 
discovered  in  the  lower  end  of  the  sac,  cut  off  above  by  a  wall.  He 
thinks  it  may  have  originated  in  the  same  way  as  I  have  described  for 
Pontederia, 

In  Caslalia  odorata,  C.  ampla,  C.  pubescens,  Nymphaea  advena, 
Brasenia  purpurea,  and  Cabomba  piauhiensis,  Cook  {5,  6)  has  found 
that  an  antipodal  haustoriura,  cut  off  from  the  rest  of  the  sac  by  a 

» lo  Sagillaria,  according  to  Schattneb,  il  may  divide  once  or  twice. 
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wall,  contains  a  large  nucleus  which  has  the  same  origin  as  in  Ponte- 
deria.  This  is  also  just  what  is  found  in  the  case  of  Sauntrus  cemuus 
(Johnson  ll),  but  in  none  of  these  cases  does  the  lower  endosperm 
nucleus  divide.' 

In  Limnocharis,  aca>rding  to  Hall  (8),  the  lower  of  the  two  nuclei 
fonned  by  the  division  of  the  megaspore  nucleus  passes  to  the  lower 
end  of  the  sac,  but  does  not  divide  to  form  antipodals  and  a  lower 
polar  nucleus.  The  upper  polar  nucleus,  formed  in  the  usual  way, 
sinks  to  the  lower  end  of  the  sac,  aad  there  divides  without  fusion 
(there  being  no  lower  polar).  A  cell  wall  resulting  from  this  division 
cuts  the  sac  in  two.  The  nucleus  left  in  the  upper  cell  divides  to 
form  the  endosperm,  but  the  lower  does  not  divide. 

In  both  Naias  and  Zannichellia,  Campbell  (3)  has  described 
a  large  nucleus  near  the  antipodal  end  of  the  sac,  which  increases 
greatly  in  size,  but  does  not  divide.  He  did  not  determine  the  origin 
of  this  nucleus,  but  offers  two  suggestions,  either  that  the  large  lower 
nucleus  is  the  lower  polar,  or  that  it  is  the  product  of  the  first  division 
of  the  definitive  endosperm  nucleus.  The  latter  explanation  seems 
most  probable. 

In  Ehdea  canadensis,  Wylie  (15)  finds  that  there  is  generally 
present  a  lai^e  extra  nucleus  in  the  antipodal  end  of  the  sac.  He 
says:  "The  sudden  appearance  of  the  extra  nucleus  in  the  antipodal 
group,  when  one  has  in  mind  the  behavior  of  the  polars,  might  suggest 
that  these  nuclei  do  not  always  fuse,  and  that  one  of  them  passes 
down  to  the  lower  end  of  the  embryo  sac  and  joins  those  in  the  antipo- 
dal pouch.  The  general  evidence,  however,  is  against  this  view. 
The  irregular  number  of  nuclei  displayed  here  and  the  general  arrange- 
ment of  the  cytoplasm  about  them  would  indicate  that  any  increase 
in  number  has  come  from  division  among  the  antipodals,  an  activity 
in  this  region  that  often  results  from  fertilization.  In  all  embryo 
sacs  studied  at  earlier  stages  the  lower  polar  had  passed  out  of  tha 
tip,  and  its  return  to  the  antipodal  group  seems  improbable."  Is  it 
not  more  probable  that  this  nucleus  is  formed  as  in  Pontederia  ? 

■  CooE  mentions  ft  single  division  occurring  once  in  Nymphaea  odvrala. 

This  discussion  might  be  indefinitely  extended  by  referriog  to  the  Dumerous  cases 
of  cba.mbered  sacs  and  other  peculiarities  of  Ibe  endtdpenn  of  dicotyledons,  but 
homolo^es  are  so  improbable  in  such  details  that  it  is  not  necessary  to  cite  them 
further.  A  good  expositton  of  this  subject  may  be  found  in  Coitltek  and  Chaubeii- 
laim's  Morphology  0/  the  angiespermi. 
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An  increase  in  the  number  of  antipodab  by  division'of  the  original 
three  has  been  reported  in  a  number  of  families,  but,  so  far  as  I  can 
discover,  an  endosperm  tissue  of  the  origin  and  character  here  de- 
scribed for  the  Pontederiaceae  has  not  been  before  described.  Its 
closest  approach  is  probably  to  be  found  in  Tillandaa. 

Chapel  Knj,  N.  C 
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EXPLANATION  OF  PLATE  XXm 

The  magnifiratioBa  pvco  are  foTOtigaa^^MKming^wiud^  bsvebeoi  icdaced 
one-half  in  rqiKidiictioii. 

Figs.  1-13.    Htkranlhera  timonmt 

Fio.  I.  Young  ovule,  showing  megupore  moAer  oeU.  X675. 

Fig.  a.  Mother  cell  in  division.  X675. 

Fig.  3.  Result  of  first  division  of  mother  cell.  X675. 

Fig.  4.  The  two  dau^ter  cells  dividing  apin.  X675. 

Fig.  5.  Shows  four  megaspores;  the  two  ujqier  side  by  side.  X675, 

Fig.  5a.  Four  megaspores  in  a  tow.  X67S. 

Fig.  6.  Four-celled  embryo  sac.  X675. 

Fig.  7.  Eight-celled  embiyo  sac.  X66o. 

Fig.  8.  Embryo  sac  ready  for  fertilization.  X675. 

Fig.  9.  Lower  half  of  older  embryo  sac  showing  antipodala  and  basal  endo- 
sperm. X4S0. 

Fig.  10.  The  same  after  formation  of  cell  walls.  X45a 

Fig.  II.  Longitudinal  section  of  seed  coats  and  superficial  endospenn. 
a,  aleuron  layer;  (',  inner  integument;  0,  outer  integument;  s,  starchy  endospenn. 
X780. 

Fig.  ta.  Cross-section  of  same.    Letters  as  in  jig.  11. 

Figs.  lyig.    PonUderia  cordata 

Fig.  i^  Embryo  sac  just  before  division  of  definitive  endoeptam  nudens. 
X670. 

FiC.  14.  Embryo  sac  just  after  said  division.  X670. 

Fig.  15.  Later  stage  showing  antipodals,  basal  endosperm,  and  upper  endo- 
sperm. X6jo. 

Fig.  16.  Still  later  stage  of  same.  X670. 

Fio.  17.  Just  before  beginning  of  txll-wall  formation  in  endosperm.  X670. 

Fig.  18.  Showing  both  kinds  of  endosperm  after  formation  of  cell  walls. 
X150. 

Fig.  19.  Several  cells  of  basal  endosperm  at  about  the  same  stage  as  fig.  tS. 
X670. 


>v  Google 


BRIEFER  ARTICLES 


SOME  NEW  WASHINGTON  PLANTS 
In  bk  Specia  and  varitties,  Dc  Vkhs  makes  the  folknring  srttrmrat: 
"[The  subgmus  Onagra]  seems  to  be  rich  in  elementair  ^lecies,  fant  an 
adequate  study  oi  them  has  as  vet  not  been  made.  Uiifartunalcl;f  mao;  of 
tbe  better  sysmnatisls  an  in  the  babit  erf  throwing  aU  these  inteicstiDg  fmns 
together,  and  of  omitting  their  descriptive  study."  A  small  a^lectipn  of 
Oeootberae  iccently  determined  at  the  Gray  Herbarium  for  W.  N.  SCKS- 
DOKi  weD  exemplified  the  justice  of  this  criticism,  for  althoo^  it  lacked 
one  of  the  two  species  of  Onagra  attributed  to  Washington  in  Piren's 
tecent  flora,  it  contained  no  less  than  three  undoubtedly  distinct  species 
of  ibis  subgenus;  one  a  very  large-flowered  plant  of  ob\'ious  lyhtinmAip  it 
Oawthera  Hookeri  T.  &  G.,  iIk  second  probably  referable  to  O.  strigosa 
(Rydb.)  Mack.  &  Bush,  the  third  a  new  species. 

Oenothera  (Onagba)  chnado^iiU  Baitlelt,  sp.  nov. — Heita  erecta 
ca.  I™  atta  simplex  vel  in  parte  inferiore  ramosa.  Caulis  rinaceo-puipureus 
deorsum  albo-{MloGUS  suisum  subaiqwesse  strigosus.  Foha  cauhna  palUdo- 
viridia  lanceolata  ulrinque  albo-strigos;  inferiors  usque  ad  3™*  lata  16*^" 
lon^,  apice  acuta,  baai  in  petiohun  alatum  brevem  decurrentia,  leviler 
remoteque  denticulata,  denticulis  apice  albis  induratis;  superiora  parviora 
integerrima  sessilia  apice  basique  acuta.  Bracteae  foliis  supremis  timjli^ 
sed  eis  parvi«n%s,  maximae  a  capsulis  maturis  plerumque  superatae  infra 
mediam  6™"  latae  2.5  ""  longae.  Hypantbium  3.5""  longum  infeme  ca. 
grnm  crassum  supeme  aliquaoto  crassius,  extus  patenter  albo-pilosum, 
Calycis  segmenta  pallldo-viridia  densius  subappresse  albo-strigosa  deltcadea 
11-13°^  longa  ad  basin  4°™  lata,  apicibus  liberis,  calyce  nondum  eqianso, 
vix  i°™  longis  acutiusculis.  Petala  flava  saepe  rosaceo-tincta  8°™  kmga 
infra  apicem  y-s*"™  lata  basi  cuneata  apice  altiuscule  retusa.  Stamina 
coroUam  paulo  superanta,  filamentis  planis  ca.  ^.s""™  longis  sursum  grada- 
tim  angustatis,  antheris  ca.  6.3'°'°  lon^  brevissime  infra  mediam  aflSxis. 
Styli  pars  hypantbio  exserta  3. 5*°™  longa.  Stigma  4-partitum  viride,  ramis 
subteretibus  camosis  ascendentibus  4™°*  longis  plenimque  apices  filamen- 
tonim  vix  attingentibus,  raro  paululo  Ira^oribus  sed  nimquam  apices 
antheranim  superantibus.  Capsula  matura  prope  basin  5-6°™  crassa 
3=n>  longa  subquadrangula  pallido-  vel  subolivaceo-viridis  appresse  albo- 
strigosa,  ad  apicem  versus  gradatim  angustata  et  in  rostrum  3"™  longum 
desinens;  lostri  segmenta,  capsula  dehisceta,  recte  divergentia.  Semina 
brunneola  prismatica  1.5-8"™  longa. 
Botanical  QaMtta,  vol.  44]  [309 
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Type,  Suhdorj  s86o  in  Herb.  Gray,  low  sandy  river  bank,  Bingen,  W.  Klicki- 
tat County,  Washington,  30  Aug.  1906.  Other  specimens  which  may  be  placed 
here  are  /.  S.  Cotton  620,  sandy  banks  of  river,  Prosscr,  Y&kima  County,  Wash- 
ington, and  (  ?)  L.  N.  Gooding  27/,  river  sand-bar,  Middle  Fork  of  Powder  River, 
Johnson  County,  Wyoming.  These  were  both  distributed  as  Onagra  ttrigosa 
Rydb.,  a  dearly  distinct  spedes  of  whidi  there  is  a  cotype  in  the  Gray  Herbarium. 
The  strongest  diagnostic  features  of  the  two  plants  are  as  follows: 
Oenothera  stkigosa  Oenothera  cHEHADOpaiLA 

Bracts  twice  or  thrice  as  long  as  the     Bracts  almost  always  considerably 
mature  capsule,  obtuse  at  base.  shorter  than  the  mature  capsule. 

Flower  bud  and  hypanthium  ocbra-         acute  at  base, 
ceo-vinaceous,  with  sparse  spread-      Flower  bud  and  hypanthium  green- 
ing pubescence.  ish     yellow,     pubescence     more 
dense. 
Free  tips  of  calyx  segments  (in  bud)      Free  tips  of  calyx  segments  (in  bud) 
3"™  long.     Petals  i-S-a*™  long,  less  than  i"™  long.     Petals  8"" 
Color  light  yellow,  fugaceous  in         long  or  less.  Color  greenish  yellow, 
wilting,  intense,  persistent  after  wilting. 
Stamens  shorter  than  the  corolla.          Stamens  usually  slightly  longer  than 

the  corolla. 
Stigma  a  little  exceeding  the  stamens.     Stigma  usually  reaching  only  to  end 
lobes  fiattish,  spreading.  of  filaments,  teretish,  ascending. 

In  the  case  of  both  species  the  measurements  were  made  from  typical 
flowers  of  type  material.  At  the  end  of  the  inflorescence,  or  on  weak 
lateral  branches,  both  0.  slrigosa  and  O.  ckeradophila  often  bear  flowers 
which  are  greatly  reduced  in  size  and  in  which  the  petals  are  disproportion- 
ately small.  In  such  flowers  of  the  former  species,  the  stamens  are  likely 
to  be  longer  than  the  petals. 

It  is  worthy  of  note  that  very  b'ttle  of  the  material  which  western  collect- 
ors have  distributed  as  Onagra  sirigosa  Rydb.  matches  the  plant  from  Pony,. 
Montana,  which  Rydberg  designated  as  the  ty}^  of  his  species. 

Lewisia  pvghaea  (Gray)  Rob,,  var.  arldomm  Bartlett,  var,  nov., 
caudice  foliisque  radicaUbus  els  formae  typicae  similibus;  scapis  breviori- 
bus  robustioribus  a  fohis  longe  superatis.  Bracteae  lanceolatae  margine 
glandulis  subatris  longistipitatis  praeditae.  PedicelU  1-3  quam  bracteae 
paulo,  nunquam  duplo,  longiores.  Sepala  usque  ad  ^"^  longa  late  ovata 
vel  orbicularia  margine  denticulata,  denticulis  in  glandulas  longistipitatas 
atras  desinentibus.  Petala  (ut  in  forma  typica  ex  loco  eodem)  alba,  anguste 
oblonga  quam  sepala  dimidio  longiora  apice  etiam  glandulas  stipitatas  3-4 
gerenta.    Capsula  turbinata  atro-brunnea  4,5™™  longa. 
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-    Type,  Suksdorj  S735  in  Herb.  Gray,  dty,  bare  places  in  meadows,  Mt  Paddo 
(Adams),  Yftkima  County,  Washington. 

Unusually  well  marked  as  a  variety  by  the  extreme  developnient  of  stipitate 
glands  on  the  bracts,  sepals,  and  petals.  The  variation  is  perhaps  induced 
by  habitat,  for  the  typical  form  of  the  species  (except  for  the  fact  that  it 
has  white  petals)  occurs  at  the  same  altitude  on  the  moimtain,  growing  inter- 
mingled with  the  variety  to  some  extent,  but  more  abundantly  "in  damp 
or  wet  sandy  places."  It  may  be  that  all  of  the  Mt.  Paddo  material  consti- 
tutes a  species,  of  which  the  plant  above  described  is  a  variety,  differing 
from  Leuoina  nevadensis  in  its  denticulate  calyx  segments  and  from  L. 
Pygmaea  in  its  white  corolla.  Until  a  more  significant  difference  from  L, 
Pygmaea  comes  to  light,  such  a  treatment  is  hardly  to  be  justified,  for  in  at 
least  one  species  of  the  genus,  L.  rediviva,  the  color  of  the  corolla  is  known 
to  vary  from  deep  rose  to  pure  white. — H.  H.  Bastlett,  Gray  Herbarium. 


SOME  PERPLEXITIES  OF  THE  INDEXER 
During  the  last  few  years  the  work  on  the  Card  index  oj  new  species, 
varieties,  and  forms  of  American  plants  has  necessitated  the  examination 
of  a  large  number  of  taxonomic  papers  of  both  American  and  foreign 
authorship.  Some  of  the  perplexing  questions  which  have  arisen  I  wish 
to  bring  before  the  botanical  systematise  It  may  be  urged,  as  one  cor- 
respondent has  already  suggested,  that  "the  scientist  writes  for  the  student 
and  not  for  the  indexer."  This  is  true,  but  is  it  the  whole  truth?  In 
these  days  of  multiplicity  of  publications  it  is  well-nigh  impossible  for 
each  student  of  systematic  botany  to  review  carefully  all  the  literature 
which  may  possibly  bear  upon  bis  subject  or  contain  a  new  name  in  the 
group  upon  which  he  is  working.  Not  long  ago  a  publication  relating  to 
a  state  flora  and  containing  more  than  600  pages  was  carefully  examined, 
with  the  result  that  six  new  combinations  were  found;  but  there  was  no 
indication  whatever  that  these  were  new.  Can  each  student  spare  time  for 
this  ?  With  the  aid  of  such  works  as  the  Index  Kewensis,  the  Index  to 
North  American  jungi,Xh.tCaTdindex,eXc.,  the  student  readily  turns  to  the 
original  descriptions  of  the  plants  in  the  group  which  interests  him,  and  from 
articles  containing  these  descriptions  he  finds  references  to  the  important 
works  relating  to  his  specialty.  He  is  also  able  to  ascertain  whether  a  name 
or  combination  which  he  proposes  to  launch  as  new  has  been  used  previously. 
The  relation  of  the  index  to  the  systemaltst  is  that  of  a  catalogue  to  the 
worker  in  a  library.  Now  the  scientist  is  not  the  person  who  will  take  his 
time  for  index  work,  and  even  if  he  did  he  would  be  limited  to  the  few  groups 
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with  which  he  is  familiar,  or  should  he  undertake  a  larger  field  he  would 
become,  outside  his  specialty,  only  an  indexer. 

Indefiniteness  and  inaccuracy  in  publishing  new  names  are  the  cause 
of  much  trouble  to  the  indexer  as  well  as  the  student,  and  result  in  many 
errors.  Oneinstanceof  this  occurs  where  there  is  no  indication  to  showihat 
certain  names  in  a  given  paper  are  new  and  many  others  cited  in  the  same 
way  have  been  published  earlier.  Even  the  student,  in  such  cases,  would  be 
unable  to  discern  the  new  from  the  old  without  the  aid  of  indexes.  Another 
perhaps  just  as  misleading  method  of  citation  is  to  leave  the  "n.sp.,""in 
litt.,"  "in  herb."  or  "MSS"  attached  to  a  name  which  has  been  already 
published.  If  the  name  appeared  in  the  first  edition  of  a  work  it  is  not 
a  "n.  sp."  in  the  second  edition;  hence  the  inaccuracy.  In  1894  Caloneis, 
a  new  genus  of  diatoms,  was  made.  Under  this  new  genus  are  74  species, 
many  of  which  are  transferred  from  Navicula.  Now,  how  are  these  species 
under  a  new  genus  given?  One  example,  perhaps,  will  be  suCBcient: 
"C.  obtusa  W.  Sm.  (1853)."  By  reading  the  synonymy  we  learn  that  in 
1853  W.  Smith  (who  died  in  1857)  made  the  species  Navicula  obtusa,  but 
he  never  heard  of  Caloneis  obtusa,  for  the  genus  was  not  named  until  1894, 
37  years  after  his  death.  Is  not  then  the  citation  "C.oi/iwaW.  Sm.  (1853)" 
misleading  and  therefore  unscientific  ?  Another  form  which  gives  rise  to 
ambiguity  is  the  unsupplemented  use  of  the  parenthetical  authority.  In  many 
instances  the  author  will  cite  the  parenthetical  author  alone,  leaving  the 
author  of  the  combination  an  unknown  quantity.  It  may  be  a  new  com- 
bination, and  if  so  the  question  arises  whether  a  name  can  be  considered 
published  which  is  connected  with  no  description  and  no  synonym,  but  merely 
an  authority  given  in  parenthesis  indicating  that  somewhere  and  some  time 
during  the  last  150  years  the  author  cited  in  parenthesis  has  used  the 
specific  name  for  this  plant  under  another  genus  either  for  a  species  or 
variety.  Too  many  examples  might  be  given  for  this.  In  omitting  the 
authorship  of  a  combination  some  writers  claim  that  the  only  one  who 
should  have  the  credit  is  the  one  who  originally  described  the  plant.  The 
truly  scientific  worker  does  not  think  of  credit,  but  he  may  well  consider 
that  the  author  of  a  correct  combination  is  as  important  for  reference  to 
the  future  student  as  the  author  of  the  original  name.  Can  it  be  that 
some  authors  omit  their  own  names  from  new  combinations  because  of 
modesty  ?  In  such  a  case  why  should  the  name  be  signed  to  the  article 
in  which  they  are  published  ?  When  the  authority  of  a  combination  is 
omitted  there  is  no  clue  given  to  the  place  of  the  transfer,  and  one  may 
search  in  vain  without  the  aid  of  an  index  to  find  the  date  of  the  transfer 
or  notes  made  in  connection  with  it.    Not  infrequently  the  indexer  must 
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spend  hours  searching,  at  best  with  doubtful  result,  for  an  earlier  reference 
to,  or  a  correct  synonym  for,  a  combination  used  with  parenthetical  authority 
only.  If  it  is  so  important  to  give  the  authority  for  the  original  descrip- 
tion of  a  plant,  is  it  not  just  as  important  to  give  the  name  under  which 
it  was  described,  and  the  name  of  the  one  who  has  placed  it  in  the 
correct  genus  ? 

In  1753  Linnaeus  established  the  binomial  system  of  nomenclature  and 
this  was  followed  until  very  recently.  Now,  however,  a  few  of  our  botanists 
have  reverted  to  the  use  of  the  trinomial,  and  not  only  for  their  own  new 
names,  but  in  citing  authors  of  the  past.  Thus  Dr.  Torrey,  Dr.  Gray,  and 
many  others  who  never  used  this  form  are  credited  with  it.  Recently  one 
of  oiu:  younger  botanists  published  the  name  SpUanlhes  ammcana,  var. 
paruula,  forma  parvifiora.  Would  it  be  a  correct  citation  of  this  name 
to  make  it  SpUanthes  amerkana  farvtda  parvifiora,  or  fair  to  the  author 
to  attach  his  name  to  a  combination  so  pre-Liimaean  ?  One  great  objec- 
tion to  the  trinomial  is  the  indefiniteness  of  the  third  part;  some  use  it  as 
a  subspecies,  some  as  a  \-anety,  some  as  a  form,  some  as  a  mutation,  etc., 
and  the  reader  or  student  b  often  left  without  any  clue  to  what  category 
it  belongs.  In  a  paper  recently  issued  the  preface  states  that  the  rank 
next  below  the  species  is  a  subspecies,  thus  making  the  third  name  of  the 
trinomials  used  in  this  paper  rank  as  subspecies.  The  author  proceeds 
to  make  the  third  name  of  all  his  new  trinomials  subspecies  and  then  cites 
all  varietal  names  made  by  earlier  writers  as  the  third  name  of  a  trinomial. 
Does  he  thereby  transfer  varieties  to  subspecies  and  make  new  combina- 
tions which  the  student  of  the  future  and  the  indexer  must  consider  ? 
Certainly  the  names  were  not  used  in  this  form  originally. 

Just  the  opposite  of  the  last  point  is  the  use  of  the  binomial  in  the 
index  to  a  periodical  when  the  name  on  the  page  to  which  it  is  referred 
is  not  in  accord:  for  example,  Prunella  vulgaris  scaberrima  occurring  in 
an  article  is  cited  in  the  index  to  the  volume  as  Prunella  scaberrima.  Is 
the  latter,  then,  a  new  combination  ?  If  so,  who  is  authority  for  it,  for 
the  name  of  the  one  who  indexed  the  volume  is  never  given  ? 

The  errors  and  inaccuracies  of  the  past  must  remain.  But  the  present 
and  future  systematic  botanists  can  easily  avoid  them  in  their  forthcoming 
works  by  (i)  indicating  clearly  each  new  species,  combination,  or  name, 
(3)  not  allowing  a  name  to  appear  as  new  when  it  has  been  published 
previously,  (3)  always  giving  the  correct  authority,  or,  where  the  paren- 
thesis is  used,  the  correct  double  authority;  {4)  stating  clearly  the  category 
to  which  each  name,  below  the  specific,  belongs;  and  (5)  in  no  way  distort- 
ing or  altering  the  rank  of  names  attributed  to  other  authors. — Masy  A. 
Day,  Gray  Herbarium. 
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BOOK    REVIEWS 
Phrsiology  mnd  ecology 

We  take  up  Dr.  Clements'  new  book'  with  favorable  Emtidpations,  ready  to 
welcome  a  text  of  moderate  she  with  the  broad  scope  indicated  by  the  title 
PlatU  physiology  and  ecology.  The  author  telb  us  that  the  book  is  based  upon 
his  eailier  Research  melhods  in  ecology,  the  manner  of  treatment  being  the  same; 
i.  e.,  first  to  consider  the  plant  as  an  individual,  establishing  certain  relations 
between  tbe  physical  factors  and  its  functions  and  form  (physiology),  and  then 
to  con^der  it  as  a  member  of  a  larger  or  smaller  group  of  plants  (ecology).  "Tbe 
proper  task  of  physiology,"  says  the  author,  "b  the  study  of  the  extemal  factors 
of  the  environment  or  habitat  in  which  the  plant  lives,  and  of  the  activities  and 
structures  which  these  factors  call  forth The  sequence  of  study  is  con- 
sequently factor,  function,  form,"  So  after  selecting  and  describing  some  promi- 
nent factor — water,  light,  temperature,  etc. — he  proceeds  to  discuss  its  influence 
upon  the  various  functions  and  organs. 

Undoubtedly  that  method  of  treatment  possesses  marked  advantages;  but 
it  may  be  seriously  questioned  whether  our  present  knowledge  b  broad  enough 
and  exact  enough  to  permit  its  successful  use.  And  if  it  were,  to  write  physiology 
in  such  a  manner  is  peculiarly  difficult.  It  requires  thorough  familiarity  with 
the  literature,  especially  that  dealing  with  experimental  morphology  and  irrita- 
bility, clear  conceptions  of  physical  chemistry,  and  above  all  an  instinctive  avoid- 
ance of  vague  and  inexact  physiological  cant.  Certainly  Dr.  Clements'  adoption 
of  this  method  makes  the  physiological  part  of  the  book  strikingly  unconventional; 
the  ecological  part  is  less  abnormal  because  ecology  has  proceeded  from  the  first 
largely  along  such  lines.  And  of  the  ecological  part  we  have  little  to  say,  since 
it  is  essentially  like  that  of  the  earlier  book  (reviewed  in  this  journal,  40:381. 

Pedagogically  the  book  leaves  much  to  be  desired.  In  the  earlier  sections 
the  author  wavers  between  textbook  and  manual;  for  beside  the  "experiments" 
in  distinctive  type  (some  of  which  are  not  experiments  at  all),  the  body  of  the 
text  b  partly  subject-matter  and  partly  directions  to  the  instructor  as  to  the 
management  of  hb  class,  or  to  the  student  as  to  the  materials  and  methods  of 
hb  work. 

In  the  very  first  chapter,  on  stimulus  and  response,  the  student  b  {dunged 


'  Clbuents,  F.  E.,  Plant  phystology  and  ecology.     Svo.  pp.  xv-Hjis-  figs.  tz§. 
New  York:  Henry  Hoh  &  Co.     1907. 
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iQto  abstractions  oi  which  he  can  hare  no  prerious  cooceptioa  and  reganlmg 
which  he  receives  oo  adequate  ezplanatioii.  Thus,  the  tonic  and  stimulatiDg 
actioa  of  externa]  factois  is  discussed  in  a  dozen  lines  on  page  a  and  nowhere 
else  referred  to.  DistinctioQi  the  finest'are  drawn  between  normal  and  aboor- 
ma]  adjustment,  adjustment  and  adaptation,  growth  and  modificatioo,  that 
puzzle  the  reviewer;  and  it  is  hatdljr  probaUe  they  would  be  more  intcUigiUc 
to  the  soi^iomare,  for  whom  the  book  b  intended. 

Logical]]^  the  anmngement  of  topics  is  sometimes  peculiar.  How  is  the 
student  \a  comprehend  the  treatment  of  translocation  and  storage  of  food  as  an 
adjustment  to  light;  and  particularir  in  what  sense  can  digestion,  respiration, 
fermentation,  the  nutrition  of  non-green  plants,  growth,  leproduction,  pollen  and 
pc^ination  (treated  at  length),  flowering,  and  fructification  be  looked  upon  as 
adjustments  to  temperature  ? 

Dr.  Clements  is  known  as  the  proposer  of  many  technical  tenns,  of  which 
few,  fortunately,  reappear  in  this  book.  But,  what  b  even  more  coitfusing,  he 
makes  free  to  change  the  meaning  of  long-used  terms.  We  had  a  pretty  definite 
idea  of  what  stimulus  and  response  mean,  but  it  does  not  fit  when  absorption, 
diffusion,  transport,  and  transpiradon  are  called  responses  to  water  stimuli. 
Imbibition  is  defined  so  as  to  include  the  entry  of  water  into  porous  bodies. 
Cutinization  is  said  not  to  coexist  with  epidermal  hairs  and  is  practically  limited 
to  xerophytes.  The  well-known  actinometer  masquerades  as  a  photometer; 
heliotropic  b  distinguished  from  phototro|nc;  chemosynthesb  would  never  be 
recognized  by  the  man  who  introduced  the  term;  rootstalk,  a  word  unkitown 
to  dicdonaries,  re[riaces  the  Anglo-Saxon  rootstock.  Aphototropic  must  surely 
be  a  typographic  error,  but  nyctotropic  b  doubtless  an  emendation.  Reaction 
time  and  perception  time  have  new  and  confusing  definitions;  but  presentation 
time  does  not  appear  at  all. 

One  serious  danger  inheres  in  Dr.  Clements'  method;  there  is  a  tendency 
to  ascribe  changes  of  function  and  fonn  which  have  a  very  complex  causation  to 
a  particular  factor.  One  has  only  to  examine  the  table  of  contents  to  find  illus- 
trations of  this  and  the  pages  abound  in  examples.  The  offhand  way  in  which 
some  of  the  most  elusive  problems  are  settled  by  referring  them  to  simjde  causes 
is  appalling.  The  cause  of  cell  division,  the  nature  of  polarity,  the  relation  of 
turgor  to  growth,  the  mechanics  of  stomata  are  a  few  cases  which  the  judge  as 
it  were  dismbses  with  costs! 

Many  a  pitfall,  too,  awaits  the  thoughtless  in  "explanations"  which  are 
merelyafonnof  words  that  only  cloak  our  ignorance.  Absorption  b  "an  inherent 
property  of  protoplasm;"  "the  need  for  the  water  of  absorption  increases  toward 
the  fibrovascular  bundles,"  and  "in  similar  fashion  the  demand  for  food  materials 
increases  toward  the  outer  layers,"  so  that  "the  general  direction  [of  movement] 
b  determined  by  these  two  jacis"  (sic?);  the  "stability  of  a  species"  prevents 
its  modification  in  a  new  habitat — these  are  a  few  examples  of  meaningless  phrases. 

For  the  adopted  mode  of  presentation  an  acquaintance  with  recent  work  b 
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&  sine  qua  lum.  Yet  some  statements  have  a  cuifously  antique  flavor.  Pkinos- 
HEiif's  old  screen  theory  of  chlorophyll  appears  on  one  page  and  on  the  opponle 
one  the  modem  theory  is  stated,  but  no  decision  as  to  thur  merits  is  reported. 
The  amount  of  COi  in  the  air  still  appears  as  .04  percent,  and  the  starch  formula 
as  CiHiaO,.  The  work  of  two  decades  on  solutions  and  osmo^  is  overlooked, 
for  its  bearing  on  the  entrance  of  water,  salts,  and  gases  and  on  the  movement  of 
water  and  foods  scarcely  appears.  The  great  advances  in  the  last  five  years  in 
the  knowledge  of  perception,  perceptive  re^ons,  and  the  interrelations  of  reac- 
tions find  no  reflection  in  this  book,  thou^  they  belong  to  its  very  essence. 

Dr.  Clements  set  himsdf  a  very  difficult  task;  perhaps  an  impossiUe  one, 
if  we  do  not  mistake  the  trend  of  recent  study.  That  must  be  allowed  for.  Our 
main  criticism,  however,  is  not  upon  the  dioice  of  materia]  for  a  brief  treatise; 
it  is  against  the  attitude  of  mind  that  can  tolerate  vague  expdanations  and  invalid 
reasoning,  and  against  a  treatment  of  fundamental  tOfHCs  which  b  ineffective 
and  not  in  accord  with  present  knowledge. — C.  R.  B. 

Joaf  s  Plant  physiology 

When  we  reviewed  this  book  in  its  original  German,'  we  expressed  the  ojunion 
that  it  was  "easily  the  best  work  on  plant  phy^ology  in  any  language,  for  the 
general  student."  Further  use  of  it  has  confirmed  this  opinion,  though  it  has 
at  the  same  time  uncovered  some  weaknesses  that  did  not  appear  on  the  surface. 
It  still  remains  as  adequate  a  presentation  of  the  fundamental  features  of  plant 
activity  as  is  likely  to  be  made  by  any  one  author.  Though  it  lacks  the  suggest- 
iveness  and  comprehensiveness  of  Pfepper,  and  can  by  no  means  replace  that 
indispensable  work,  its  dear  and  [MCturesque  style  adapts  it  better  to  the  advanced 
student  and  teacher.  Our  hope  that  it  would  be  translated  mto  English  has  just 
been  fulfilled.  The  Qarendon  Press  secured  the  right  of  translation  and  Professor 
Harvey  Gibson,  of  the  University  of  IJverpool,  is  responMUe  for  the  work.' 

There  has  been  no  editing  of  the  author  by  the  translator.  Even  the  index 
is  a  translation.  Dr.  Josr  himself  has  added  some  notes  and  embodied  some  cor- 
rections; but  these  are  relatively  few  and  brief,  and  might  well  have  been  a  more 
marked  feature  of  the  En^ish  edition. 

A  literal  translation  was  the  aim,  says  the  preface,  but  that  certainly  has  not 
been  attained.  It  is  not  difficult  to  find  passages  where  wholly  gratuitous  changes 
have  been  made,  qualifiers  added  or  omitted,  or  variant  expressions  used,  that 
leave  the  phrase  far  from  a  literal  translation.  For  example:  "hochstens  ganz 
gelegentlicb  musste  erwilhnt  werden  .  ..."  is  rendered  "we  drew  special  atten- 
tion to  the  fact  .  .  .  ."  when  the  fact  was  only  incidentally  mentioned;  and 
"vachstumsfordernde  Wirkung"  appears  as  "sdmulating  effects,"  with  growth 

•  BoT.  Gazette  37:390.  1904. 

1 JOST,  LuDWIc,  Lectures  on  plant  physiology.  Authorized  English  (ranslation 
by  R,  J.  Hakvzv  Gibson.  Imp.  8vo.  pp.  xiv  +  s64.  figt.  172.  Oxford:  Clarendon 
Press.   11)07.  Cloth  ai  jft.,  morocco  34  sW. 
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not  alluded  to  in  the  context.  "Quite,  or  almost  quite,  impermeable"  for  "whr 
schwer  oder  ^r  nicht  permeabel"  surely  must  be  a  typograpbic  slip  for  "almost 
or  quite  impermeable."  When  Jost  wrote  "der  im  Wasser  gelSsten  Molekiile 
und  lonen,"  why  should  it  be  translated,  "of  the  molecules  dissolved  in  vater  and 
of  the  ions,"  as  thou^  the  ions  were  not  dissolved  in  water?  There  are  other 
slips  of  oiore  serious  nature.  Thus,  in  descriWng  the  cohesion  movements  of  the 
annulusof  fens  and  the  anthers  of  seed-[^aQts,  to  render  "Fiillwasser"  by  "imbi- 
bition water"  makes  the  description  inconsistent  and  unmtelli^ble,  for  it  is  the 
water  contained  in  the  cell  cavity,  not  the  imbibed  water  of  the  walls,  whose  ten- 
sion comes  into  play. 

If  these  defects  appear  in  a  cursory  examination  one  may  suspect  that  a  thorough 
comparison  would  reveal  many  others.  Yet  the  total  impression,  without  such  a 
search,  b  quite  the  reverse,  and  it  may  be  fairly  said  that  on  the  whole  the  trans- 
lation, thou{^  rather  wordy,  is  good.  The  English  may  not  be  irreproachable, 
but  it  happily  does  not  fall  into  the  German  idiom. 

We  note  Jost's  lame  excuse  for  retaining  assimilation  instead  of  adopting 
photosynthesis,  pleading  bad  examples  and  the  lack  of  a  correlative  term  to  apfdy 
to  "nitrogen  assimilation."  A  little  boldness,  pardonable  in  a  leader,  would  have 
set  aside  the  examples  of  Pfeffer  and  Wiesner,  and  a  little  ingenuity  would 
have  devised  a  new  term,  if  amide  synthesb  and  proteid  synthesis  were  not  accept- 
able. A  bit  more  boldness  in  the  translator  would  have  at  least  harmonized  the 
typography  of  citations  with  the  better  style  of  the  oripnal,  and  not  over- 
much would  have  modernized  it  completely.  Now  it  halts  between  the  traditional 
and  the  modem,  losing  much  of  the  modest  advance  the  author  had  made. 

In  makeup  the  book  follows  the  general  style  of  the  Clarendon  Press  classics. 
The  thicker  but  lighter  paper,  the  solid  type  and  slightly  larger  page,  make  a 
bulkier  book,  actually  larger  by  some  60,000  words,  fall  within  the  compass  of 
554  pages  of  text  as  against  683  in  the  original.  The  rough-surfaced  paper  makes 
impossible  the  proper  printing  of  the  delicate  cuts  of  the  German  edition,  the  half- 
tones especially  being  mere  smudges.  The  figures  should  have  been  remade 
for  such  paper.  Yet  we  can  almost  forgive  the  blotchy  cuts  for  the  sake  of  the 
dull  surface  and  the  agreeable  li^tness  of  the  book.  But  the  price,  as  usual, 
goes  away  up — ai  to  24  shillings  as  against  about  15  marks — and  imported  copies 
at  (7.75  will  be  almost  too  dear  for  general  students.  Yet  it  is  well  to  have  it 
available  in  En^ish  even  at  the  exorbitant  price. — C.  R.  B. 

The  morphology  of  plants 

■  Dr.  Jos.  Velenovsky*  has  added  to  the  lengthening  list  of  general  textbooks 
oD  jriant  morphology.  Every  such  work  represents  some  characteristic  point 
of  view,  and  that  of  Velenovsky  seems  to  be  that  of  the  older  morphology  tinctured 

4  VELENOVSKf,  Jos.,  Vergleichende  Morphologie  dcr  PQanzen.  Vols.  I  and  II. 
pp.  73r.  pis.  5.  figs.  4SS-     Prag:  Fr.  RivnSc.  1905  and  1907. 
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by  a.  modicum  of  the  new.  In  fact,  the  author  seems  to  regard  modem  morpholo- 
gists  as  perhaps  too  narrow  in  thdr  vision  to  possess  the  pmper  perspective  for  a 
general  text.  As  a  result,  the  two  volumes  now  published  are  distinctly  not  up 
to  date  from  the  standpoint  of  modem  morphology. 

The  first  volume  {pp.  377),  issued  in  1905,  is  introduced  by  general  discus- 
sions of  questions  that  are  not  current  in  modem  laboratories,  however  interesting 
they  may  have  been  during  the  domination  of  the  Goethean  morphology.  The 
main  part  of  the  volume  consbts  of  "Die  Morphologie  der  Eryptogamen."  The 
illustrations  are  well  selected  and  many  of  them  are  original.  The  ground  has 
eridently  been  well  traversed  in  the  laboratory  but  not  in  recent  literature,  for  the 
teW  pves  a  distinct  impression  of  long  isolation.  Why  do  so  many  botanists 
fail  to  see  the  incongruity  of  such  a  series  of  names  for  coordinate  groups  as 
"A.  Thallophyten,"  "B.  Charophyta,"  "C.  Moose,"  "D.  Gef&sskryptogamen " 7 

The  second  volume  (pp.  454),  issued  in  1907,  presents  "Die  Morphologie  der 
Phanerogamen,"  in  so  far  as  the  vegetative  organs  are  concerned.  The  main 
divisions  are  "Die  Keimpflanze,"  "Die  Wurzd,"  "Das  Blatt,"  "Die  Achse," 
and  "Die  Trichome."  The  general  attitude  is  indicated  by  the  subdivisions 
under  "Seedlm^"  which  are  as  foUovrs:  seedling  of  polycotjis,  of  monocotyls, 
of  stemless  [dants,  of  acotylous  plants. 

The  third  volume  is  to  contain  the  morphology  of  the  "phanerogam  flower" 
and  a  system  of  classification,  besides  a  general  index. 

The  work  will  undoubtedly  prove  a  most  interesting  one  for  reference,  especially 
for  the  younger  generation  of  morphologists. — J.  M.  C. 


MINOR    NOTICES 

North  American  Flora. — The  first  part  of  volume  xxv  has  just  appeared, 
being  the  fifth  part  published.  It  contains  four  of  the  sixteen  families  of  Ger- 
aniales,  the  order  with  a  synopsis  of  its  families  bdng  presented  by  J.  K.  Shall. 
The  Geraniaceae,  by  L.  T.  Hanks  and  J.  R.  Suall,  contain  four  genera,  a  neir 
genus  Robrrtieila  being  founded  on  Geranium  Roberttanum.  The  species  of  Ger- 
anium number  sixty-four,  of  which  twenty-three  are  new,  and  Erodium  and 
Pelargonium  each  contain  six  spedes.  The  Oxalidaceae,  by  J.  K.  Suall,  con- 
tain ten  genera,  Hesperoxalts,  Otoxahs,  and  Bolboxalis  being  new  and  monotypuc. 
The  other  genera  are  Oxalis  (3  spp.,  i  new),  lonoxalis  (65  spp.,  a8  new),  Monox- 
alis  (a  spp.,  i  new),  Lotoxalis  (11  spp.,  i  new),  Xanthoxalb  (36  spp.,  i  new), 
Biophytum  (i  sp.),  and  Averrhoa  (a  spp.).  The  Erythroiylaceae,  by  N, 
Brttton,  represented  by  the  single  genus  Erythroxylon,  contains  twenty-eight 
species,  one  of  which  is  new.  The  Linaceae,  by  J.  K.  Small,  contain  four  genera, 
Hesftralinon  being  a  new  genus  established  on  Linum  \  Hesperolimm  Gray. 
The  genera  are  Linum  (5  spp.),  Cathartolinum  (48  spp.,  10  new  and  all  but  one 
of  the  remainder  transferred  from  linum  by  Shall),  Hesperolinon  (9  spp.), 
and  Reinwardtia  (i  sp.). — J.  M.  C. 
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*■"I^  V.  frra  •tur  x  *i*  ;r,i*r*<ri  by  xitAr.n  -,f  ii  jasfwr.    tax  cca:  boos  » 

v.'^i'  •"■*  '.'a.'  •■  ■»  ;j.-jj*Ar>«  i«iw^  *■-  »«L  tirtaH  :<■.».. uiu  ocvfei^  far  k 

Ti^M  i«^  flM  C»mtm»  1Utkm». — ii'si  Fax>*  ias  bcj-^Ei:  -^rvKbo-  dx  ^baa 
'A  -r  a  ,t.-'TV.;.t  t'ri"t,  'i,'.AX^fA  by  'us^mSisA  n^.^jeA  by  coo' booiasB.  and 

*''''  '1  ?/"■'-' *;^Ttr,«    -J,  M,  C, 

( "y  nin'^T.tr,  f  ,  B;*':*s;^  ear  M^h»^rk  ilo  Uxaaisehm  CsinntJas  (SannD- 
\  i'^  ?(.' wii.i»f.vr.»l'.,/!,  ;»4/i«;'ip(*:brT  A'.hajyi:-jag«i,  fiaad  ^  Bcft  3>.  Imp. 
it'"  ^'  )f  •  «4.     1^. !''.(;  ■r>'l  B^J.n:   8.  G.  TeutAcr.  1905.  U  t- 

*  Vf '  ni,  Ar.HrvT,  Vryn  >in  ihe  diatiimi  of  the  Albatross  voyagu  in  tlw  PaoSc 
'l-init,  »«*  c/'.^.     (.'ffiifjk  IJ.  S.  Nat,  Herb.  10:111-419.  fii.  44-S4-  ^9°7- 

I  F'"'')  r>,  Arxii.r,  S^llfitfu*  drr  Pflanzmfamiliea.  pp.  ixnn+148.  Berlin: 
ri.l«iKP'r  IV-fNiM-K^r.   r./-.7.     «  ^.40. 

■  r'Akv,  f.iiiTn  M  ,  r>>ntHlnjliiinii  tn  a  raUlngue  of  the  flon  of  the  Canadian 
Uif^y  M"<i»inina  nri.)  i\v  Krikirk  Kange.     Cintrib.  Bot.  Lab.  Udit.  Peon.  3:1-88. 
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NOTES   FOR   STUDENTS 

T^Vtitionot  tlw  high  AndM. — WEBEESAUERdraws  this  picture  of  the  andine 
vegetation:**  In  the  high  Andes  of  central  Peru  most  plants  are  not  structurally 
lerophilous,  and  dessication  by  the  high  altitude  is  much  restricted  by  the  abund- 
ant precipitation  and  the  prevalence  of  douds.  Were  the  danger  of  drying  so 
great,  one  would  expect  that  the  mobtest  locations  would  bear  the  most  species 
and  the  most  vigorous  fbnns,  and  that  on  the  mobt  ground  the  vegetation  would 
ascend  hi^er  than  elsewhere.  But  the  vegetation  of  the  high  Andes  presents 
no  such  picture;  the  hi^-andine  moor  contains  fewer  species  than  the  meadows 
of  cushion  and  rosette  [dants,  and  none  of  those  stouter  forms  which  in  their  aspect 
recall  the  lower  regions — the  shrubs,  tufted  grasses,  and  tall-stemmed  herbs; 
these  grow  by  preference  rather  on  the  dry  slopes,  the  stony  ground,  and  the 
rocks;  and  upon  a  stony  substratum  the  limits  of  vegetation  run  higher  than  upon 
wdl-watered  ground.  The  explanation  of  these  phenomena  b  to  be  sought,  in 
my  ofHnion,  in  the  temperature  of  the  ground.  By  the  low  temperature  of  the  soil 
many  plants  are  kept  away  from  the  moors,  while  the  simultaneous  high  tempera- 
ture of  the  rocks  is  favomMe  for  vegetation.  That  temperature  of  the  soil  at  these 
devations  [days  an  important  rdle  is  indicated  by  the  horizontal  portion  of 
roots,  referred  to  in  an  earlier  paper,*""  and  by  the  very  aspect  of  the  vegetation. — 
C.  R.  B. 

TnuiiniiMioDof  troplstic  stimiilatkin. — FrmNC*"  has  undertaken  to  ascertain 
in  what  maimer  the  tissues  of  perception  and  reaction  are  connected  that  the 
stimulus  indirectly  determines  the  direction  of  the  curvature.  The  work  consists 
mainly  of  a  study  of  phototropc  response  (coleoptile  of  the  grasses,  chiefly  Avena) 
as  affected  by  more  or  less  complete  discoitnection  of  the  tissue  between  the  apex 
and  base.  Wounding  by  transverse  ind^on  or  by  splitting  does  result  in  a  feeUe 
traumatic  response,  but  ndther  the  growth  nor  the  capadty  for  perception  and 
response  b  dgnificantly  affected.  It  may  be  said  that  the  reliability  of  the  author's 
condu^ons  hinges  largely  upon  the  truth  of  ibis  statement,  but  the  reviewer  finds 
no  reason  for  doubt  and  the  work  of  Rothert  is  in  accordance  with  it.  The 
author  shows  that  whatever  course  transmission  is  compelled  to  follow,  the  curva- 
ture is  entirdy  independent  of  the  unilateral  occupation  of  the  perceptive  organ 
by  the  stimulus.  Individual  segments  of  halved  or  quartered  coleoptiles  will 
respond  if  the  segment  indudes  a  small  portion  of  the  apex.  Even  in  leaves  from 
whose  central  portion  a  large  square  of  tissue  has  been  removed,  tiansmisuon 
occurs.  The  stimulation  seems  to  spread  with  equal  ease  across  or  along  the 
orpn.    The  author  regards  it  hi^y  probable  that  phototropic  transmission 

*■  Webekbauer,  a.,  Weitere  MItteilungen  Qber  Vegetation  und  Elima  der 
HochandeD  Ferua.     Eoglei's  Bot.  Jahrb.  39:44^461.  ^.  4,  5.  1907. 

»''Of.  1^.37:60  ff,  1905, 

><  FiTTtNG,  Hans,  Die  Leittmg  tropisdscher  Reize  in  paralielotropen  Pflanzen- 
tdlen.    Jarhb.  Wiss.  Bot  44:197-953.  fig.  a6.  1907. 
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proceeds  thraugfa  the  living  substance.    The  paper  maintains  the  hi^  standard 
we  have  come  to  ezpea  from  this  author. — Rayuonc  M.  Pond. 

Anta  and  plants. — Ule  has  already  smitten  hard  the  theory  of  myimecoph- 
ily,  according  to  which  the  complicated  cavities  and  other  structures  have  arisen 
by  natural  selection  throu^  the  protection  afforded  by  the  symbiotic  ants  against 
injury  by  other  ants  and  browsing  animals.  Now  he  concludes*  that  it  must  be 
given  up  almost  entirely,  because  his  more  extended  observations  in  the  Amazon 
region,  where  such  plants  most  do  congregate,  caimot  be  reconciled  with  the 

The  ant  jJants  grow  most  abundantly  in  flooded  regions,  where  do  leaf -cutting 
ants  are  found;  the  devastation  by  leaf-cullers  b  not  so  exten^ve  as  it  has  been 
reckoned  by  von  Ihering;  the  weapons  of  the  protective  ants  are  not  efficient, 
especially  against  thick-skinned  animals,  and  are  not  capable  of  such  wounds  as 
those  of  many  other  ants;  and  the  protection  afforded,  while  possibly  advantageous 
in  the  Struggle  for  existence,  is  not  sufficient  to  call  forth  the  elaborate  cavities  and 
other  "adaptive"  struaures.  In  explanation  of  the  symbiosb,  Ule  would  rather 
lay  stress  upon  the  initiative  of  the  anis,  which  chose  apdy  the  plants  that  suited 
their  needs,  and  perhaps  have  modified  them  by  the  intimate  and  constant  symbiosis 
in  much  the  same  way  as  man  has  improved  the  wild  ancestors  of  his  useful  plants. 
But  the  cavities  must  have  originated  through  deeper-lying  causes. 

Ule  adds  a  list  of  the  ant  plants  found  on  bis  Amazon  expedition,  which 
includes  46  species  in  it  families,  the  Melastomaceae  having  17,  and  the  Legumi- 
nosae  and  Moraceae  each  7.  He  figures  the  exttaordinary  "tubers"  (really  Dis- 
chidia-like  pitcher  leaves)  of  Polypodium  bijrons  Hook.,  which  serve  as  water 
sacs  and  incidentally  as  dwellings  for  AiUca  Traiti. 

A  still  more  vigorous  objection  b  made  by  von  Ihering,*"  who  has  studied 

the  relations  between  Ctcropia  adenopus  Mart,  and  its  inhabitant,  AiUca  MuclUri 

Emery,  in  a  much  more  thorough  fashion  than  was  done  by  Fritz  Miteller  and 

ScHiMPER.    He  has  given  special  attention  to  the  life-history  of  the  ants  and 

the  metamorphosis  of  their  nests.    The  "Miillerian  bodies,"  which  grow  on  the 

leaf  bases,  are  not  used  to  feed  the  larvae  but  as  food  by  the  ants  themselves, 

though  they  are  by  no  means  restricted  thereto.    The  small  tumors,  produced  from 

•hs  ini^er  parenchyma  near  the  entrance  to  the  hollow  of  the  stem  as  a  result  of 

g  the  prostoma  open,  contain  sugary  and  fatty  substances  and  serve  as 

Von  Ihering  rejects  absolutely  the  elaborate  conceptions  of  "mutualism" 

lyrmecophily, "  and  declares  in  so  many  words  that  Cecropia  adenopus  can 

ng  quite  as  well  without  ants  as  a  dog  can  without  fleas.    He  considers  the 

lere  parasites,  completely  adapted  to  this  plant,  without  which  they  cannot 

rat  all;  but  all  the  plant  "adaptations"  are  like  those  that  hosts  every- 

show  to  parasites. — C.  R.  B. 

Tle,  E.,  Ameisenpflanien.     Englcr's  Bot.  Jahrb.  37:335-351.  ^J.  5,  6.  1906. 
[BEKtNC,   H.   VON,   Die   Cecropien   und  ihre   Schutzameisen.     Engler's  Bot. 
39:666-714.  fig.  I.  ph.  6-W.  1907. 


,dbvGoogle 


I907]  CURRENT  LITERATURE  315 

Regeneratioa  and  polarity. — In  a  paper  which  has  escaped  our  attention 
until  now  (on  account  of  the  removal  of  Dr.  McCalluh  to  Arizona),  VOchtinc" 
talces  up  again  these  problenis,  stimulated  by  Kiebs's  report"  of  the  surprising 
ease  with  which  he  was  aWe  to  reverse  the  polarity  of  certain  willows — the  unat- 
tained  goal  of  many  a  previous  experimenter.  Much  of  this  paper  b  devoted  to 
a  reexamination  ot  Klebs's  work,  which  VSchtino  is  unable  to  confirm  and 
against  whose  conclusions  he  enters  vigorous  protest.  He  finds  no  evidence  that 
polarity  has  ever  been  reversed  by  any  experimental  condition;  he  still  holds  that 
it  is  a  special  property  of  the  body,  founded  in  the  very  struaure  of  the  egg,  and 
that  it  is  not  induced  (as  Pfetter  thinks)  by  any  external  ageni.  Thb  conclusion 
seems  to  be  inevitable,  when  one  observes  the  extremely  different  positions  and 
conditions  under  which  eggs  develop  into  embryos.  In  regeneration  the  various' 
natural  or  experimental  conditions  produce  each  an  appropriate  eSect,  according 
as  they  cooperate  with  or  oppose  or  do  not  affect  polarity.  In  a  supplementary 
note,  V&cHTiNG  expresses  his  comi^ete  agreement  with  the  conclusions  reached 
by  McCaixum." 

Miss  KtnTER  also  attacks  the  problems  of  regeneration,'*  and  after  reporting 
in  some  detail  her  experimental  work,  concludes  that  polarity  is  less  rigid  than  is 
generally  believed,  the  "disposition  to  form  roots  being  much  more  generalized 
....  and  more  easily  energized  than  the  power  to  fonn  shoots;"  and  thai  regen- 
eration b  dependent  upon  an  adequate  supply  of  food. 

Not  satbfied  because  various  theories  of  regeneration  fail  to  account  for  the 
formalionof  one  or  another  kind  of  organ  "when  each  of  the  conditions  previously 
sdgned  as  the  causes  of  regeneration  has  been  fulfiUed,"  she  proposes  a  modifi- 
cation of  the  Slcff  and  Form  theory,  postulating  the  existence  of  localized  root- 
forming  and  shoot-forming  enzymes.  To  this  the  same  objeaions  apply  as  to 
the  older  form  of  thU  theory;  but  the  author  has  vague  hopes  that  it  may  be  cap- 
able of  experimental  test,  though  "no  results  ready  for  publication  have  as  yet 
been  obtained."  One  ne^ected  assumption  (also  made  by  Goebel)  needs 
quite  as  thorough  investigation  as  any,  namely,  that  food  will  accumulate  at  any 
point  bejore  growth  begins. — C.  R.  B. 

Ultramicroscoplc  itructure. — Gaidukov  continues  his  studies  with  the  ultra- 
microscope,  descriliing  in  a  late  paper"  the  appearances  in  starch  grains,  cell  walls, 
and  protoplasm. 

After  an  introduction  upon  the  principles  involved  in  the  various  forms  of  the 

"  VdCHTlNG,  H.,  Ueber  Regeneration  und  Polaritdt  bei  hohem  PQanzea.  Bol. 
Zeit.  64':ioi'-i48.  fij.  5-7.  1906. 

"  Klebs,  G.  WiUkurlicheEnlwicklungsaodemngen  bei  Pflanzen  96  S.  Jena.  190J. 

>)  McCALLtnt,  W.  B.,  Regeneration  in  plants.     BoT.  Gazette  40:97  3^1.  1905. 

■4  Kuffeb,  Elsie,  Studies  in  plant  regeneration.  Mem.  Torr.  Bot.  Oub  11:195- 
141.    fgt-  '3-  '907- 

<i  GAmincov,  N,,  Ultramikroskopische  Untersuchungen  der  Stirkekomer,  ZeU- 
membranen,  und  Protoplasten.     Ber.  Deutsch.  Bol.  Gesella. 
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instniment.  be  reports  that  be  cookl  see  in  the  surdi  gruos  concentric  or  esc«n- 
tric  rows  of  pvtides,t»wfakfa  be  uses  NXgcu's  term  micdUe.  These  are  sepa- 
rmted  br  spaces  wbicfa  ue  opricaIl7  empty  or  poosihlj  contain  amicn>scopic  matter. 
On  sweUinf,  the  micellae  separate  mne  and  more  and  lose  tbeir  ngular  arrange- 
ment. Cell  membraites  show  an  essentially  similar  stractuie,  cellulose  walls 
sbowing  very  small  pale  putides,  woody  and  CMfcy  walls,  on  the  contrary,  having 
William  and  larfe  micellae. 

living  cytoplasm  ts  a  hydnMol  complex.  Tbe  mtcdke  show  active  Btownian 
movemrats,  osrillation,  wigging,  ooUtsioit,  reccssiofi,  etc,  even  iriien  actively 
stieaming.  Tbe  better  nouiidted  the  cyti^Jasm  is,  the  more  numerous  and 
doser  an  the  micellae  and  the  less  the  amplitude  of  the  movements;  and  vice 
'  vrrttt.  By  a  thin  hrdn^d  layer,  a  coagulom  formed  by  the  dectrdytes  present 
in  the  watn-  of  the  cell  wall  and  vacuole,  this  hjrdrosd  b  protected  against  further 
injury  by  coagulation  or  a^inst  excessive  sdntion  by  water.  Tlte  healing  of  this 
hydrogd  layer  or  eaoplast  after  taking  in  or  eztniding  solid  partides  (as  in 
Amoeba)  b  cxplairted  as  due  to  coaguUtion  of  the  micdlae  of  tbe  hydrosd  at  tbe 
spot  exposed  by  the  break  to  the  action  of  etectrolytcs.  At  tbe  death  of  the 
protoplast  there  arises  a  bvdrogd  cunplex.  Tbe  nudeus  ooosists  of  a  bytiroaol 
complex  poor  in  water.  Tbe  chromatophores  resemble  ratber  the  hydrogd  com- 
plex. MicnKomcs  consbt  of  several  mkdlae  and  are  comparabte  to  the 
ificfUantrbiiHdtn  of  N'aceu. 

So  far  as  these  prcliminaiy  accounts  show,  Gaiditxov  b  not  ntady  repotting 
what  he  sees,  but  b  making  many  assumptions  as  to  their  intopretation. — C.  R.  B. 

Germlnatian  ot  fern  and  mon  aporaa. — LaaGS**  has  made  a  somewhat 
extended  study  of  the  ^nnioaiioo  of  fan  and  moss  spoies  in  darkness.  By 
using  both  organic  and  inorganic  solutioas  as  cultuie  media  he  was  able  to  germi- 
nate OsmunJ.1  rrgjlis  and  thirteen  out  of  sixteen  species  of  Polypodiaceae  in 
darkness.  Germination  and  starch  formation  wete  obtairted  in  Osmunda 
grown  in  dbtilled  water  without  the  inflii«Dce  of  light.  Fe.Ot  and  FeS04 
stimulated  germination  and  cdl  division  in  Osmnnda  in  darkness.  OfaUthe 
Folypodiaceae,  sown  in  darkness,  Pleris  o/jmliMa  and  SceUfemdriMm  ofidntintm 
germinated  best,  and  AspUmmm  luddtdwtt  and  PolypcAiitm  *vmm  not  at  alL 
Contrary  to  the  results  of  Heald,  higher  temperatures  were  found  to  be  detri- 
mental to  germination  in  the  absence  of  light-  No  chlorophjdl  was  pioduoed  in 
darkness,  althou^  reported  by  Schilling.  The  osmotic  effect  of  the  solutions 
on  germinating  spores  was  marked.  AtMiormal  forms  of  rfaiaoids  devdoped  in 
dbtilled  water  cultures,  and  in  4  per  cent.  Knop's  solutian  they  were  sup- 
pressed, while  the  young  prolhallia  were  deformed.  A  number  of  instructive 
tables  showing  the  effect  of  solutioas  of  different  strengths  on  gcrminatioa  and 
number  of  cells  produced  in  darkness  are  given.  Of  the  mosses,  Funaria  and 
Bryum  were  germinated  in  darkness  by  using  very  attenuated  solutions  of  inorj^iuc 

Farn-  imd   bfooaspoien.    Beih. 
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salts  as  culture  media.  Polylrkkum  communt  could  neither  be  genninated  in 
darknesB  in  the  solutions  of  inorganic  salts  nor  by  the  addition  of  organic  iron 
salts  to  the  fluids.  Moss  spores  have  been  genninated  in  darkness  under  chemical 
stimuli  by  both  Heald  and  Tk£bodx.  Laage  is  the  fiist  to  report  germination 
of  fem  spores  by  means  of  chemical  stimuli. — W.  J.  G.  Lamd. 

Artificial  apotpoty  In  ferns.— Goebei."  has  published  the  result  of  his 
studies  on  apospory  in  ferns  and  on  regeneration  in  Vida  and  Phaseolus.  The 
main  part  of  his  paper  is  devoted  to  apospory  and  a  veiy  brief  account  is  given  of 
regeneration  in  Vida. 

Contrary  to  Bower's  statement  that  attempts  to  induce  apospory,  though 
successful  in  certain  mosses,  have  been  entirely  without  results  in  ferns,  Goebel 
succeeded  in  mducing  artificiaUy  aposporous  prothallia  from  primary  leaves  of 
sporophytes  in  many  forms  among  ferns,  such  as  Aaeimia  Drageana,  AUophUa 
van  GetTtii,  Ctraiopteris  tkaliclroides,  Gymnogramme  chrysofhylla,  Pelypodium 
aureum,  Pttris  longifoUa,  and  others.  On  certain  pa.rls  of  the  under  surface,  of 
margin  or  of  petiole  of  the  primary  leaf,  there  are  produced  prothallia,  sporophytes, 
or  even  structures  which  really  seem  to  be  intermediate  between  sporophyte  and 
prothalliuro  l^  their  having  stomata  and  antheridia. 

Goebel  drew  three  conclusions  from  bis  studies;  (i)  regeneration  is  more 
active  in  a  yotmg  leaf  than  an  older  one;  (3)  the  sporopbytic  structure  is  not  the 
constant  product  of  regeneration;  (3}  there  seems  to  exist  no  great  difference 
between  the  nuclei  of  prothallia  and  those  of  sporophytes,  and  accordin^y  no 
sharp  distinction  between  the  x  and  3X  generations.  He  adds,  one  might  regard 
the  prothallium,  phylogenetically,  as  a  rudimentary  leaf  bearing  sexual  organs, 
though  to  determine  thb  question  further  investigation  b  necessary. 

Among  the  three  conclusions  drawn  by  Goebel,  the  third  is  a  great  problem. 
He  does  not  enter  in  hb  paper  into  nuclear  detail  at  all;  therefore,  cytobgically 
it  is  slill  an  open  question.— Smcto  Yamanouchi. 

Items  of  taionomic  intereit.^W.  H.  Blanchahd  (Toneya  7:97-102.  1907), 
in  discussing  the  eastern  species  of  Amelanchier,  describes  2  new  species. — N.  L. 
Bbitton  (idem  103)  has  described  a  new  Mexican  species  of  Ribes. — H.  D. 
House  {idem  133-136),  in  a  second  paper  on  southern  violets,  has  described  a 
new  species  and  a  new  hybrid.^W.  H.  Blanchard  {idem  139, 140)  has  described 
a  new  Rubus  (red  raspberry)  from  Vermont. — E.  Brainekd  (Rhodora  0:93-98. 
1907)  has  begun  a  presentation  of  the  older  types  of  North  American  violets. — 
L.  M.  Underwood  (Bull.  Torr.  Bot.  Club  34:343-262.  1907),  in  continuation 
of  hb  studies  on  "American  ferns,"  has  published  a  preliminary  review  of  the  N, 
Am.  Gleicheniaceae,  all  the  spedes  being  referred  to  Dicranopteris,  in  which  18 
spedes  are  recognized,  5  being  described  as  new,  and  all  the  rest  being  transferred. 
— C.  L.  Shear  (Bull.  Torr.    Bot.  Club  34:305-317.  1907)  has  described  21  new 

"  Goebel,  K.,  ExperimenteU-morphologische  Mitleilungen :  i.  Kiinstlich  her- 
vorgerufene  Aposporie  bei  Famen.  2.  Ucber  die  Bedingungon  der  Wurielregenera- 
tion  beieinigen  Pflanzen.     Siti.  Ken.  Bayer.  Akad.  Wiss.  37:119-138.    figs.  I  J.  1907. 
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spedes  of  fungi,  most  of  which  were  discovered  during  his  studies  of  the  fungous 
diseases  of  the  cranbeny.  Three  new  genets  are  described:  Plagiorhabdiu 
(3  spp.).  Bothrodiscus,  and  Acantkorhynchus. — O.  Stapv  (Jour.  Linn.  Soc. 
Bot.  38:6-17.  1907)  has  established  a  new  genus  (HaBUracoMSha)  of  Acan- 
thaceae,  to  include  spedes  from  Borneo  and  the  Philip[Hnes  heretofore  refeiTed 
to  Ptyssi^ottis;  19  spedes  are  recognized,  11  of  which  are  new. — R.  Laitier- 
BORN  (Ber.  Deutscb.  Bol.  Gesells.  35: 338-343. 1907)  has  described  a  new  genus 
{Thu>ploai)  of  sulfur  bacteria,  belonging  to  the  Beggiatoaceae. — J.  M.  C. 

The  male  gametophyte  of  the  podocarpi. — Jeffrey  and  Chrysler''  have 
been  able  to  examine  the  male  gametophyte  of  certain  spedes  of  Podocarpus  and 
Dacrydium,  as  well  as  of  Agathis,  obtained  from  New  Zealand  and  Jara,  so  far 
as  material  preserved  in  alcohol  or  formalin  would  permit.  The  conspicuous  fea- 
ture is  the  development  of  a  prothallial  tissue,  by  division  of  the  two  original  pro- 
thallial  cells,  consisting  in  some  cases  of  as  many  as  eight  cells.  The  walls  of  this 
tissue  break  down  and  the  nudd  are  freed,  even  from  their  cytoplasm,  and  swarm 
into  the  pollen  tube.  The  authors  do  not  regard  this  as  a  primitive  feature,  but 
con»der  the  "ground  plan"  of  this  devdopment  as  indicating  the  derivation  of 
the  podocarps  and  araucarians  from  an  ancestral  stock  allied  to  the  Abietineae. 
Thb  feature  also  indicates  that  the  podocarps  and  araucarians  may  be  more 
nearly  allied  than  has  been  supposed. — J.  M.  C. 

Infection  eiperiniBnts  with  mildew. — Reed'"  has  been  investigating  the 
question  of  " physiolo^cal  spedes"  among  the  mildevrs.  Recent  work  on  mil- 
dews has  indicated  that  each  genus,  and  often  each  species  of  host  plant,  has  its 
own  particular  specialized  form.  Infection  experiments  were  conducted  with 
twenty-three  different  varieties  of  commonly  cultivated  cucurbits,  representing 
five  species  and  three  genera  (Cucurbita,  Cucumis,  and  Lagenaria).  Each  of  these 
hosts  was  readily  infected  when  inoculated  with  the  conidia  taken  from  any  other. 
There  was  no  difference  in  the  infecting  power  of  the  mildew  on  the  different  spedes 
and  genera,  and  there  Is  no  evidence  of  any  spedalization  in  the  mildew  of  the 
Cucurbllaceae, — J.  M.  C. 

A  lycopod  with  a  seedlike  Rtructure.— Miss  Benson'"  has  investigated  the 
reproductive  structures  of  Bertrand's  Mtadesmia  membranacea,  a  herbaceous 
paleozoic  lycopod.  The  megasporangium  develops  a  single  thin-walled  spore, 
"which  in  development  and  structure  resemUes  an  embryo  sac  and  germinates 
in  situ."  The  sporangium  b  surrounded  by  an  integument  with  a  small  microp^e, 
which  is  surrounded  by  numerous  long  processes  of  the  integument  that  "formed 

'SJepfrev,  E.  C.andCaRYSLEB,  M.  A.,  The  raicrogametophyte  of  the  Podo- 
carpineae.     Aracr.  Nat.  41:355-364.    figs- S-  1907. 

'•>  Rees,  George  M.,  Inlection  e:ipcriments  with  the  mildew  on  cucurbits,  Ery- 
siphe  cichoractarum  DC.     Trans.  Wb.  Acad.  Sci.  15:527-547.  1907. 

'"Benson,  M.,  Miadeimia  mrmbranacea  Bertrand;  a  new  paleozoic  lycopod 
with  a  seed-like  struclure.     Abstract  read  before  Roy.  Soc.  London,  June  13,  1907. 
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a  collecting  and  incubating  apparatus  for  the  microspores."  The  "carpellar} 
leaf"  was  shed  at  malurit)'  and  Tcsembles  a  winged  seed. — J.  M.  C. 

The  flowering  plants  of  the  Heiozoic. — In  a  recent  address  Scott"  has 
brought  together  the  recent  discoveries  among  the  Cycadophytes,  espedaUy  those 
of  WiELAND  among  the  Bennettitales,  and  has  seen  in  the  structure  of  their  strobili 
strong  suggestions  of  angiospermous  floweis.  Such  a  connection  would  suggest 
the  possibility  that  the  angiosperms  may  have  been  derived  from  the  Filicineae 
by  a  "short  cut;"  that  the  evolution  of  the  angiospennous  flower  was  a  process  of 
reduction;  and  that  the  presumption  that  the  simi^est  an^ospennous  flowers 
are  the  most  primitive  is  no  longer  tenable. — J.  M.  C. 

The  Tazoideae. — Miss  Robertson"  has  brou^t  together  the  results  of  the 
recent  researches  among  the  Taxineae,  with  the  view  of  reaching  some  conclusion 
as  to  the  vexed  question  of  phytogeny.  She  reaches  the  conclusion  that  the  group 
has  retained  many  relatively  primitive  characters,  but  has  become  considerably 
specialized;  that  it  may  be  regarded  as  an  offshoot  from  the  Cordaitales,  which 
in  turn  are  derived  from  the  Cycadofilices.  The  author  also  suggests  that  the 
"female  flower"  of  Taicus  "more  closely  recalls  that  of  Cordaites  than  that  of 
any  other  known  plant." — J.  M.  C. 

Bmbryologj  of  Rhizophora.^-CooK''  has  succeeded  in  securing  some  material 
for  the  study  of  jhe  embryology  of  R.  Mangk.  Only  one  of  the  four  ovules  reaches 
theseedslage;  the  hypodermal  archesporium  cuts  off  two  tapetal  cells;  thelinear 
tetrad  is  probably  formed;  endosperm  formation  is  abundant;  the  embryogeny 
is  probably  of  the  Capsella-type  ;  during  the  first  growth  of  the  cotyledons  about 
one-third  of  the  embryo  and  the  greater  part  of  the  endosperm  are  thrust  out  of 
the  sac  and  lie  in  ihe  ovary  cavity. — J.  M.  C. 

Endemic  species  and  mutation. — Willis,'*  in  following  up  the  suggestions 
of  his  work  upon  the  flora  of  Mt.  Riiigala,"  has  constructed  an  argument  against 
the  origin  of  species  by  naliual  selection  and  in  favor  of  origin  by  mutation.  He 
maintains  that  the  evidence  of  the  endemic  species  on  Mt,  Ritigala,  of  Ceylon  in 
general,  of  Mauritius,  and  of  New  Zealand  completely  proves  hb  position. — 
J.  M.  C. 


•>  Scott,  D.  H.,  The  following  plants  of  the  Mesozoic  age,  in  the  light  of  recent 
discoveries.     Jour.  Roy.  Micr.  Soc.  190?:  127-141.  ^J.  6-Q. 

"'Robertson,  Agnes,  The  Taxoideae;  A  phylogenetic  study.  New  Phytol. 
6:93-102.  pi.  I.  1907. 

"J  Cook,  Melville  TmntSTON,  The  embryology  of  Rhitophora  Mangle.  Bull. 
Ton.  Bot.  Club  34:371-377.     ^i.  2Z,  23.  1907. 

"  Willis,  J.  C,  Some  evidence  against  the  theory  of  the  origin  of  species  by 
natural  selection  of  infinitesimal  variations,  and  in  favor  of  origin  by  mutation.  Annals 
Roy.  Bot.  Gard.  Peiadeniya  4:1-15.  1907. 

'iBoT.  Gazette  43:353.  1907. 
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NEWS 

HoHEB  D.  House  has  rcsgned  ibe  ■*«'"»ti-  pfofcsaonfaip  of  botuif  aad 
bsctoiology  in  QansoD  Ci^ege,  S.  C. 

Thomas  D.  Eason,  a  graduate  of  the  aetaaoa  Agricnltuni  CoUege,  has 
accepted  a  position  as  assistant  in  botany  at  the  Noith  Carolina  Agricnltuni 
Odlege. 

Dr.  Kaxl  Giesenhacen,  assistant  piofessor  of  botany  in  the  Univeisity  of 
Munich,  has  been  appointed  professor  of  botany  in  the  Veterinary  CoUege  at 
Munich. 

TBe  addbess  of  Professor  Framos  E.  Lloyt>,  director  of  the  Department  of 
InTcstigation,  Continental -Mexican  DivisioD,  Inter-oootinental  Rubber  Company, 
has  been  dianged  ^m  Torreon,  to  Hacienda  de  Cedros,  Mazapil,  Zac,  Moico. 

Cantekbubv  College,  New  Zealand,  at  the  insti^tion  of  Professor  L. 
Cockayne,  has  decided  to  estaUish  a  subalpine  experimental  station  in  the 
mountains,  where  the  mountain  flora  of  New  Zealand  can  be  studied  under  natural 
conditions.  The  site  selected  indudes  a  virgin  forest,  about  300  »aes  in  extent, 
of  Notkojagus  dijjartioidef. 

The  MacMillan  CoifPAirv  announce  for  publication  in  the  autumn  a  prac- 
tical textbook  of  i^ant  pathology,  by  D.  T.  MacDougal,  F.  S.  EIaxle,  and  H.  M. 
Richards;  Notes  of  a  botanist  on  the  Amazon  and  Andes,  by  Richakd  Spkcce, 
edited  by  Alfked  Russell  Wallace;  The  physiology  of  plant  production,  by 
B.  M.  Dugcax;  Bacteria  in  relation  to  agriculture,  by  J.  G.  LtPiUN;  and  a  new 
edition  of  Mlik  and  Ritchie's  Manual  of  bacteriology. 

The  goveknment  of  New  Zealand  has  planned  a.  magnetic,  botanical,  eoo- 
logical,  and  geolopcal  survey  of  the  Auckland  and  Campbdl  Islands,  the  expedi- 
tion sailing  early  in  November.  The  botanists  will  be  as  follows:  L.  Cockayne, 
ecologist;  T.  F.  Ch££SEUAN,  floristic  botanist;  R.  M.  Lanig,  algologist,  and 
A.  H.  Cockavve,  plant  pathologist  The  survey  was  first  proposed  and  the 
details  arranged  by  the  Philosophical  Institute  of  Canterbury,  a  branch  of  the 
New  Zealand  Institute. 

The  next  meeting  of  the  American  Association  for  the  Advancement  of 
Science  will  be  held  during  Convocation  Week,  at  the  Univeisity  of  Chicago. 
The  sessions  of  Section  G  will  be  held  in  the  Hull  Botanical  Laboratory.  Inas- 
much as  the  Secretary  of  the  Section  is  at  too  great  a  distance  for  quick  mail  service, 
it  is  particularly  requested  that  titles  of  papers  to  be  read  be  sent  directly  to  Dr. 
Henrv  C.  Cowles,  University  of  Chicago,  Chicago,  so  that  the  Secretary,  upon 
his  arrival,  may  have  all  business  promptly  in  hand. — F.  E.  Lloyd,  SKrelary 
Section  G. 


■jGoogle 


THE 

Botanical  Gazette 


November  1907 


Xdlton:    JOHH  M.  COULTER  and  CBASLBS  R.  BARHES 


CONTENTS 

The  Forest  Formations  of  Boatder  County,  Colorado 

Robert  T.  Ydubk 

Fertilization  in  Cypripedium  iniaPace 

Germination  of  Seeds  of  Water  Plants  Wiiium  crockai 

Briefer  Articles 

HoteB  on  Two  Caiifbniia  NemopiiiUB  Harler  P.  CliBadlcr 

Bruicliuis  SpoTsagiophorcB  of  fibiuipiu  LeRoy  H.  Barrej 

An  UnosuBl  Hetliod  of  Vegetative  Kepioduction  in  Dionaea  mnacipnla 

John  W.  HarshtMrger 

Current  Literature 
Hews 


The  University  of  Chicago  Press 

CHIf^liMUfcllBW  YORK  LKih..dbvG00Qlc 

William  0,  ton  *^ 


383  BOTANICAL  GAZETTE  [noveubeb 

sure;  past  and  present  extent  of  the  forests  and  their  present  move- 
ment, including  deforestation  and  reforestation.  The  time  spent 
in  the  investigations  upon  which  this  paper  is  based  includes  the 
summers  of  the  years  1902  to  1905  inclusive. ' 

Introduction 

The  methods  which  I  have  employed  are  given  in  detail  in  a  recent 
work,  Research  melliads  in  ecology,  by  Dr.  F.  E.  Clements,  and 
are  therefore  treated  here  very  briefly.  They  include  the  use  of  a 
Draper  psychrograph  and  thermograph,  a  geotome,  aneroid  barome- 
ter, maximum,  minimimi,  and  ordinary  thermometers,  egg-beater 
psychrometers,  and  a  simple  photometer. 

A  set  of  the  Draper  instruments  was  established  in  Boulder,  at 
an  altitude  of  1620",  and  at  timber-line  on  the  east  slope  of  the 
Continental  Divide  at  an  altitude  of  about  3420".  A  set  of  records 
of  these  instruments  was  taken  between  June  21  and  July  20,  1905. 
The  instruments  were  set  each  week  by  comparison  with  a  watch  and 
with  the  humidity  and  temperature  readings  obtained  from  the  egg- 
beater  psychrometer  and  the  thermometer.  The  thermograph  records 
were  found  to  agree  within  a  few  degrees  with  the  temperature 
as  given  by  the  thermometer,  but  very  little  confidence  can  be  placed 
in  the  psychrograph  records  as  the  reading  recorded  by  this  instru- 
ment seldom,  if  ever,  tallied  with  the  readings  given  by  the  hand 
psychrometer,  and  in  fact  the  two  psychrographs  when  rutming  side 
by  side  did  not  agree  with  each  other  closer  than  seven  per  cent. 

A  set  of  maximum  and  minimum  thermometers  was  placed  at 
the  mouth  of  a  small  canon  at  an  altitude  of  1710°'  and  readings 
taken  weekly  from  June  23  to  July  31,  1905.  From  August  4  to 
September  4  these  were  stationed  on  a  moraine  in  open  pine  timber 
at  an  altitude  of  2550".  Another  set  was  kept  on  the  open  plains 
three  miles  cast  of  Boulder  at  1590"  altitude  from  the  middle  of 
June  to  the  end  of  September.' 

With  the  geotome,  two  soil  cores  were  obtained  at  each  station, 
one  of  the    first    11.25''"',    ^'^^  °^^   from    11.25    t°    22.5"""   in 

■  See  below. 

■The  ihermographs  and  .psychrographs  were  elevated  about  i.a™  above  the 
ground,  the  maximum  and  minimum  thermometers  0.6™.  They  were  all  carefully 
housed  so  as  to  protect  them  front  the  sun  and  yet  aSord  free  access  to  the  air. 
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depth.3  These  readings  are  of  course  not  entirely  satisfactory  in 
determining  the  soil  water  available  for  the  trees,  with  their  roots 
extending  to  a  depth  of  many  feet;  but  the  deeper  sample  probably 


Fig.  I. — Castle  Rock  in  Boulder  Gallon,  altitude  aijo™;  in  the  foreground  and 
to  the  right  is  seen  the  Populus  angustifotia-Saiix  Nuitallii  formation;  scattered 
over  the  hills  are  Pseiidolsugas  and  PiUBs. 

gives  a  fair  basis  for  comparison  of  habitats  in  this  respect.     It  is 
exceedingly  difficult  in  any  extended  investigation  to  carry  a  geotome 
which  will  reach  a  depth  of  several  feet.     The  soil  syu)|sft.iy)tained 
i  Exceptions  to  these  depths  will  be  noted  below. 
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with  the  gcnlome  were  carried  to  the  laboFatory  in  Boulder  in  tightly 
closed  tin  cans  and  weighed  as  =o<hi  as  possible  after  ooDectiou. 
They  were  then  opened,  the  samples  dried  for  three  days  at  an  average 
temperature  of  24  to  39''C.,  after  which  thej-  were  weired  again. 
The  difference  between  the  two  readings  gave  the  weight  of  moisture 
contained  in  the  soil,  and  this  wei^t  is  expressed  in  per  cent,  of  wei^t 
of  the  d  ried  sample.  In  the  case  of  soil  samples  which  it  was  necessary 
to  cany  in  the  pocket  for  se\-end  days  before  weighing,  an  allowance 
of  a  few  decigrams  must  be  made,  since  there  was  a  slight  e\-aporation 
from  the  tins.  This  slight  inaccuracy,  however,  is  not  sufficient  to 
invalidate  the  general  results. 

At  each  station  soil  temperatures  were  taken  on  the  surface  of  the 
ground  and  at  depths  of  11. 25""°  and  22.5*^",  respectively.  The 
air  temperature  was  taken  at  7.5""  and  9*"  above  the  ground; 
while  humidity  readings  were  also  taken  at  7.5*"°  and  g**"  above  the 
surface.  Occasionally  humidity  and  temp>erature  readings  at  i.8°* 
above  the  ground  were  taken. 

The  light  readings  in  each  formation  were  obtained  with  the  pho- 
tometer, and  these  were  evaluated  in  terms  of  a  standard  series  of  ten 
readings  of  one  to  ten  seconds  respectively,  taken  at  12:30  P.  M.  on 
October  a  at  1620"'  altitude  in  Boulder.  A  similar  series  was  taken 
at  noon  on  June  23,  but  unfortunately  lost. 

The  aneroid' barometer  was  used  in  obtaining  the  approximate 
altitudinal  limits  of  the  fonnations,  and  the  altitudes  so  obtained 
were  checked  whenever  possible  by  those  obtained  by  the  United 
States  Geological  Survey. 

The  observation  stations  were  chosen  at  points  as  nearly  typical 
as  possible  for  each  formation,  and  at  most  stations  ftom  three  to 
many  obsen-ations  were  taken  during  the  summer  of  1905.*  Where 
the  formations  showed  isolated  societies  within  their  limits,  separate 
stations  were  selected  for  each  of  these. 

Boulder  County,  Colorado,  lies  on  either  side  of  the  fortieth  paral- 
lel of  north  latitude.  Its  western  boundary  is  the  Continental  Divide 
he  Rocky  Mountains,  while  to  the  east  it  extends  about  19*" 
1  the  base  of  the  mountains.  With  the  exception  of  the  banks 
reams  on  the  plains,  the  forested  area  is  confined  to  the  mountains, 
I  ThrpT  (ilBwrvntions  were  taken  in  1007  as  noted  below. 
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which  were  originally  pretty  heavily  timbered ;  but  since  the  settle- 
ment of  the  region,  the  forests  have  been  and  still  are  disappearing. 
The  topography  of  the  mountains  has  been  detennined  by  vast 
elevation  accompanied  by  extensive  faulting,  and  followed  by  great 
erosion.     The  face  of  the  country  is  exceedingly  broken.     High, 


Fig.  s.-'Foothills  oear  Boulder;  ihe  altitude  of  the  tops  of  the  hills  in  the  back- 
grouod  is  appronmately  i9So<°;  in  the  foreground  is  seen  Ihe  shrul>-grass  formation 
of  the  foothills,  which  in  this  view  is  dominaled  by  a  grass- sagebrush  society;  scattered 
over  the  hills  in  the  background  is  Pinui  icapuJorum. 

rocky  ridges  alternate  with  deep  caftons  walled  in  by  rocky  precipices 
hundreds  of  feet  in  height,  with  an  occasional  granite  dome  isolated 
from  the  general  mass.    Such  a  dome  is  shown  in  fig.  i. 

Passing  from  the  plains  westward  toward  the  Continental  Divide, 
we  first  encounter  the  foothill  region  of  the  main  range  (fig.  2).  This 
is  a  region  of  broken  ridges  with  steep  slopes,  cut  at  intervals  of  1 . 5 
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to  7^  by  larger  and  smaller  canons  running  from  east  to  west,  in 
which  Sow  the  streams.  Extending  north  and  south  from  these 
main  cagons  are  numerous  smaller  ca&ons  and  gulches,  so  that  the 
entire  region  is  very  irregularly  furrowed  in  all  directions.  The 
foothill  region  is  6  to  8^  wide  and  at  its  summit  reaches  an  altitude 
of  about  2250™,  although  some  of  its  individual  peaks  may  reach  a 
height  of  2700". 

From  the  western  end  of  the  foothills  to  the  base  of  the  main  range 
is  a  distance  of  about  16^.  This  is  the  plateau  region,  ascending 
gradually  from  2250"  to  3000"  at  the  base  of  the  range.  While 
the  surface  of  this  region  is  much  broken,  it  is  less  so  than  either  the 
foothills  to  the  east  of  it  or  the  main  range  to  the  west,  and  its  general 
contour  is  comparatively  even.  In  its  eastern  part,  however,  where 
the  streams  lie  far  below  the  general  level,  are  found  the  deepest  and 
most  rugged  parts  of  the  caftons.  In  its  western  portion  are  many 
beautiful  little  parks  along  the  stream  courses  (fig.  3)  which  afford 
good  crops  of  hay  and  excellent  pasturage.  Above  3000*"  the  country 
again  becomes  much  broken,  the  steep  and  rocky  slopes  encountered 
above  timber-line  culminating  at  the  crest  of  the  range  in  vast  chasms 
and  inaccessible  pinnacles  of  rock.  Above  2400"  the  mountains 
have  been  extensively  glaciated.  The  ice  sheet  at  the  time  of  its 
greatest  extent  covered  all  but  the  highest  ridges  above  2700™, 
while  tongues  of  ice  in  some  places  extended  down  to  nearly  2400°". 
As  evidence  of  this  condition  we  have  today  the  vast  morainal 
deposits,  the  chains  of  little  glacial  lakes  {fig.  4),  and  the  existence 
of  a  small  glacier  on  the  eastern  slope  of  the  Arapahoe  Peaks  some 
32*"  west  of  Boulder.  The  highest  summits  in  Boulder  County  are 
Mt.  Audubon  and  the  Arapahoe  Peaks,  with  approximate  altitudes 
of  4050"°. 

The  principal  streams  are  North,  Middle,  and  South  Boulder 
Creeks,  Jim  Creek,  the  North  and  South  St.  Vrains,  and  Left  Hand 
Creek.  AU  of  these  rise  at  the  base  of  the  range  and  flow  eastward  to 
join  finally  the  North  Platte  River. 

The  climate  of  the  region  is  semi-arid.  At  Boulder,  situated 
directly  at  the  base  of  the  mountains,  the  average  rainfall  for  nine 
years  has  been  42.7*".  In  the  higher  mountains  there  is  a  much 
heavier  annual  rainfall  than  this,  the  difference  between  Boulder 
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and  the  summit  of  the  range  being  25'""  in  1904.  The  rainfall  at 
the  base  of  the  mountains  occurs  mainly  in  April  and  May,  but  in 
the  higher  mountains  it  is  distributed  through  spring  and  summer. 


FlO,  3. — A  rnoiuitain  "park"  on  Boulder  Creek,  ss""™  west  of  Boulder;    in  the 
grouni 

on  the 

The 
do  n< 
for  i: 
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At  the  base  of  the  mountains  the  temperature  range  is  from 
37?7  to  ~34?4,  though  neither  of  these  figures  is  often  reached  by 
thermometers  elevated  a  few  feet  above  the  surface  of  the  ground.' 

The  following  is  the  record  of  maximum  and  minimum  tempera- 
tures obtained  by  me  during  the  summer  of  1905 :  At  Boulder  (1620™) 
from  June  21  to  July  20  the  maximum  thermograph  reading  was 
34?4,  the  minimum  5^.  At  timber-line  during  the  same  period  the 
maximum  thermograph  reading  was  22?2  and  the  minimum  — 3?9. 
Three  miles  east  of  Boulder  on  the  plains  (1590™)  the  maximimi  and 
minimum  theimometers  fit)m  June  13  to  July  31  gave  a  maximum  of 
40?3  and  a  minimum  of  6?i;  ftom  July  31  to  August  31  a  maxi- 
mum of  41°  and  a  minimum  of  9?  7.'  The  instruments  at  the  canon 
mouth  (1710")  ftom  June  13  to  July  31  gave  a  maximum  of  31° 
and  a  minimimi  of  7^7,  whQe  those  on  a  moraine  {2550™)  from 
August  I  to  August  29  gave  a  maximum  of  30^3  and  a  minimum  of 
4?  7.  These  results  show  an  approximate  difference  in  mean  tem- 
perature of  11°  between  Boulder  and  timber-line,  an  approximate 
difference  of  i*  per  160"  altitude,  the  difference  in  the  maxima  being 
slightly  greater  and  in  the  minima  slightly  less  than  this.  It  must  of 
course  be  borne  in  mind  in  the  study  of  these  results  that  they  are 
fragmentary,  covering  comparatively  short  periods. 

As  already  remarked,  comparatively  little  confidence  can  be 

placed  in  the  psychrograph  records.    The  curves  traced  by  the  two 

instruments  are  in  no  way  conformable  to  each  other,  owing  to  the 

fact  that  the  relative  humidity  is  dependent  on  such  local  factors  as 

sunlight  and  wind  and  hence  is  liable  to  sudden  and  considerable 

tions  within  limited  areas,    I  have  even  known  the  temperature 

ded  by  the  wet-bulb  thermometer  to  fall  i?5  C,  within  a  few 

ids  when  a  sudden  breeze  sprang  up,  succeeding  a  calm.    These 

show  that  a  comparison  of  humidity  readings  between  different 

)ns  at  any  given  instant  of  time  is  open  to  serious  error,  and 

the  readings  of  the  dry-bulb  thermometer  may  vary  locally 

g  to  local  conditions. 

1  the  following  discussion  I  shall  consider  a  "formation"  as  a 
All  temperatures  are  recorded  in  degrees  Centigrade. 

The  great  difference  between  the  marimura  at  Boulder  and  three  miles  east  of 
X  is  doubtless  traceable  to  the  different  elevations  of  the  instruments  above  the 
I  at  these  points,  ■• 
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group  of  plants  of  definite  composition  as  to  species,  occupying  a 
definite  habitat  as  to  the  physical  characteristics  of  the  latter,  or  a 
definite  area  as  to  geographical  position.  A  "society"  is  a  definite 
group  of  plants  as  to  component  species  occupying  a  secondary 
position  within  a  formation.  The  "characteristic  species"  of  a 
formation  are  those  which  dominate  the  area  occupied  by  that  for- 
mation.    Thus  the  "characteristic  species"  of  the  "cottonwood- 


Fio.  4. — The  Ficea-.^bies  formalion  with  a  glacial  pond  in  middle  foreground. 

willow  formation"  of  the  lower  canons  and  plains  are  Poptdus 
occidentalis  and  Sdix  fiuvialilis.  Within  th's  "formation"  we  find 
the  Crataegus  and  Corylus  "societies."' 
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scopulonim  formation;  (4)  Pinus  Murrayana  formation;  (5)  Apinus 
flexilis  formation;  (6)  Pseudotsuga-Picea  Engelmanni  formation; 
(7)  Picea  Engclmanni-Abies  lasiocarpa  formation. 

While  Popuius  Iremuloides  occupies  numerous  areas  through  the 
mountains,  I  have  not  thought  best  to  consider  it  of  higher  rank  than 
a  society.  My  reason  for  denying  it  formational  rank  is  that  it 
occupies  varying  habitats,  associating  with  the  other  formations,  and 
never  dominating  areas  which  arc  well  defined  either  as  to  their 
physical  features  or  geographical  position. 

All  these  formations  are  montane  excepting  the  first,  and  even 
this  extends  up  the  canons  to  about  1950"-  The  second,  on  the 
contrary,  while  chiefly  montane,  overlaps  the  first  on  the  plains. 

(l)   THE  POPtTLtrS  OCCIDENTALIS-SALIX  FLOVIATILIS   FORMATION 

ifig-") 

This  formation  occupies  the  banks  of  streams  on  the  plains  and, 
as  already  mentioned,  is  found  also  in  the  lower  cafions.  It  is  a 
straggling  tree  formation  scarcely  worthy  the  name  of  forest.  Whfle 
restricted  mainly  to  the  stream  banks,  groves  of  trees  may  occasionally 
be  found  along  the  borders  of  the  old  flood  plains. 

It  is  a  very  mixed  formation,  consisting  essentially  of  two  layers, 
an  upper  woody  layer  and  a  lower  herbaceous  one.  The  former 
may  be  divided  into  two  subordinate  layers,  one  controlled  by  Popuius 
occidenUUis  and  the  other  by  Salix  fluviatilis.  These  are  not,  how- 
ever, usually  coexistent,  but  alternate,  the  cottonwood  controlling 
here  and  the  willows  there.  Associated  with  the  two  characteristic 
species  of  the  formation  are  many  individuals  of  Popuius  angusHjolia, 
but  these  do  not  control.  A  few  scattered  shrubs  occur  in  the  for- 
mation but  are  not  sufficiently  numerous  to  be  considered  as  an  inde- 
pendent layer  (see  below).  The  herbaceous  layer,  moreover,  might 
be  separated  into  two  subordinate  ones;  but  since  its  constituent 
forms  present  every  gradation  in  height,  such  a  separation  would  be 
entirely  arbitrary  and  superficial.  A  ground  layer  of  mosses  and 
liverworts  is  occasionally  present. 

The  formation  is  an  open  one.  Occasionally  the  trees  form  a 
sufficiently  dense  growth  to  exclude  all  but  the  more  shade-loving 
species,  but  for  the  most  part  they  are  separated  by  intervals  of  many 
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feet,  thus  permitting  the  entrance  of  a  large  amount  of  sunlight  and 
admitting  most  of  the  species  from  the  adjoining  formations.  These 
species  are  largely  rudeial,  owing  to  the  presence  of  cattle  and  the 
proximity  of  farms  and  highways. 

Of  the  weeds  entering  into  the  formation  some  of  the  commonest 
are  Medicago  saliva,  Meiiloius  alba,  M.  officinalis,  Trifolium  pratense, 
T.  repens,  Phleum  pratense,  Poa  pratense,  Br&mus  brizaeformis,  Poly- 


FiG.  5.— The  Populus  occidentalis-Salix  fluviatitis  formation,  two  miles  above  (be 
moutli  of  Boulder  Cafion;  10  the  left  the  control  is  shared  by  Populiu  occidttUalis 
and  Rulae  ntgwtda;  to  the  right  Salix  ftumatUii  domiitates. 
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androsaemijoUum.  A  few  species  from  the  adjoining  p^ins  are  invad- 
ing the  formation.  These  include  an  occasional  Artemisia  sp.  and 
a  few  individuils  of  Fesluca  oclofiora.  Eleocharis  paluslrts  wanders 
in  occasionally  from  nearby  meadows. 

While  the  under  layer  of  the  formation  is  so  mixed  that  it  is  diffi- 
cult to  assign  a  dominant  r61e  to  any  forms,  yet  in  general  it  may 
be  said  that  this  layer  is  characterized  by  Agroslis  alba  and  MdUotus 
alba.  The  vernal  aspect  is  not  derived  from  any  species  or  group 
of  species,  the  color  of  the  vegetation  at  this  season  beii^  mainly 
green.  In  its  late  aestival  and  autumnal  aspect  the  yellow  of  Solldago 
and  Helianthus  gives  to  the  vegetation  its  predominant  a>lor. 

In  the  lower  caQons  (fig.  5}  the  formation  maintains  the  loose 
straggling  character  which  it  presents  on  the  plains.  Here,  however, 
an  intermediate  layer  of  shrubs  forms  one  of  the  most  important 
parts  of  the  formation  ( figs.  5, 6) .  Chief  among  these  are  Alnus  lenui- 
folia  and  Corylus  roslrata.  Other  members  of  this  layer  are  Crataegus 
cerronis,  C.  coloradoensis,  Clematis  liguslkifolia,  Ampehpsis  penta- 
folia,  Prunus  americana,  P.  melanocarpa,  Rosa  pralincola,  and  Acer 
glabrum.  In  the  densely  shaded  thickets  formed  by  these  shrubs, 
the  under  layer  is  composed  miinly  of  Hydrophyllum  Fendleri,  Viola 
canadensis,  Galium  trifidum,  and  Vagnera  stellala.  Species  from 
the  higher  slopes  occasionally  wander  in,  such  as  Berberis  Fendleri 
and  Prunus  melanocarpa. 

In  places  where  the  light  value  falls  as  low  as  5  :  300,  the  under 
layer  is  largely  lacking. 

Mixed  as  is  this  formation  on  the  plains,  in  the  narrow  and  steep- 
sloped  canons  its  continuity  is  still  more  difficult  to  follow.  The 
species  from  the  adjoining  shrub-grass  formation  of  the  cafion  sides 
come  down  to  the  bottom  of  the  canon  and  mingle  with  those  of  the 
cottonwood-wiUow  formation,  ruderals  are  numerous,  and  along  the 
stream  banks  members  of  the  brookside  formation,  such  as  Cal~ 
linsia  parvifiora,  Mimulus  minor,  and  Veronica  peregrina,  are  found. 
Wherever  sandbars  are  formed  by  the  shifting  current  of  the  streams 
on  the  plains,  the  cottonwoods,  principally  Populus  occidentalis,  are 
invading  them  in  large  numbers.  Such  invasions,  for  the  most  part 
are  only  temporary,  however,  on  account  of  the  floods  which  in  spring 
overflow  these  sandbars,  destroying  the  plants  on  them. 
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Owing  to  the  physical  coodittoQ  of  the  surrounding  habitats,  the 
Populusoccidentalis-Salixfluviatilis  formation  is  in  a  practically  static 
condition.  My  data  on  the  physical  characters  of  the  habitat  of  this 
formation  are  as  follows : 

Observations  taken  on  Boulder  Creek  east  of  Boulder  during 
July  1905  gave  results  as  follows: 

Temptratures* 
(Obwrutioujulrj,  11  *.  K-:  10. 10:4s  A.  u.;  31. 11:15  a.  h,;  18, 1:45  r.  u.) 

-...S"        -ll,.s'-  o—  +».s«-  +9'- 

Minima i6?a  16°  i6?6  io?5  aifa 

Maxima 30°2S  i8?s  3i°aS  *6?S  a^'s 

•  Zno  iodiaia  tlw  frouod  uiHuc.  minui  rodmci  below  nirfan.  ud  plus  rauUngs  >bo«  the 

WaUr  content 

Obieit»dDn»  II. Jj*"  ii.j— ii.ij'" 

July  10 30.Tpercent,  18.3  percent. 

Julya4 8.8  per  cent.  9  per  cent. 

Relative  humidity 
(ObMmtkm  Juir  3,  n  a.  m.:  10,  10:4s  a.  m,-.  14.  ii:i]  a.  u.-.  18. 1:41  r.  m.) 

J.S"  0*" 

Minima 43  per  cent.  38  per  cent. 

Majdraa 73  per  cent.  60  per  cent. 

The  light  value  in  this  formation  taken  above  the  under  layer  at 
noon  on  August  7  was  9  :  180. 

In  a  thicket  of  Corylus  rostrata  at  the  mouth  of  Boulder  Canon, 
three  series  of  observations  gave  the  following  results : 

Temperatures 

(Ob»rvutoiujune  14. 10:15  A.  H.;  Julf  it.  11:10  p.  u.;  Auguil  30,  ;  *.  H.) 

Minima i3?s  13-8  r4?4  16^75  17=  17^5 

Maxima 18°  18°  ai°s  35?;  27"  37?s 

Water  conletit 

ObiemtiDiB  11.75*™  11.  S"  11. '5'" 

June  34 39.5  per  cent.  34.6  per  cent. 

July  17 i3.5percenl.  i3.4percent. 

Aug-30 S.3percent.  7.3percent. 

Relative  humidity 

(Obarrvitioiu  June  14, 10:15  A-u.;  July  !?» iji^o  t-  M.;  August  jo,  7  a.  u-) 
J.S"  «*-  ..8- 

Minima 30  per  cent.  37  per  cent.  36  per  cent. 

Maxima 80  per  cent.  83  per  cent.  88  per  cent. 
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In  a  hawthorn  society  at  the  mouth  of  a  small  caAon  at  an  altitude 
of  1710",  observations  were  made  at  three  stations.  One  of  these 
was  in  the  center  of  the  thicket,  dose  to  a  small  stream;  this  I  shall 
designate  as  Statioii  E.  A  second  station,  which  I  have  called  E^, 
was  chosen  about  midway  between  the  center  and  edge  of  the  thicket; 
and  the  third,  or  Station  E,,  was  taken  just  at  the  edge  of  the  thicket. 
The  results  obtained  for  these  three  stations  follow: 
Tern  per  attires 

Sudan  E  (Obicmliou  June  11,  ;  r.u.;   ti,6T.u.:  Svij  1,8:  i;  t.n.',    S.  10:30  A. ■.:  17.  pits  A. H.: 


Minima i4?3 

Maxima 19° 


>3 


Suikn  E.  (ObsRvntiou  Jun 


IJ-t 


Minima. 

13°6                   i3?4 

13° 

Maxima 

iS°a                 15-5 

i6?8 

,F.«.;Jtdy..,:.j».M,-. 

.li:iSA.».> 

...J-              -11. .j" 

0" 

Minima. 

14° 75                 ^S" 

14^6 

Maxima 

17^6                 ,7= 

19-5 

Water  amltnt 

Olaavaliooj 

...IS™ 

)>.5-ll.l]<- 

Station  E 

June  ,4 

31.8  per  cent. 

30.8  per  cent 

July  I 

25.3  percent. 

33,3  per  cent 

July  8  (raining) 

15.8  per  cent. 

35,6  per  cent 

July  .7 

ri      per  cent. 

16.7  percent 

August  36 

6 . 3  per  cent. 

9.6  per  cent 

Station  E, 

July. 

14.4  percent. 

15.4  per  cent 

July  8  (raining) 

18.6  percent. 

13.3  per  cent 

Station  E, 

July  I 

6. a  per  cent. 

13.3  per  cent 

July  8  (raining) 

10.3  percent. 

16.3  per  cent. 

Rdalive  hiimidiiy 

Slalion  E  (OUerratioiu.  June  i>.  7  t.m.:  i],  6 

r.M.;  Jul,i,8;ij».n.-.   8, 

0:joA.ll.;     O.o:i0*.ll. 

AuEU. 

>6.9:4SA.1I.) 

7.J" 

^. 

I.S- 

Minima. . . 

....     45  per  cent 

43  per  cent. 

31  per  cent. 

Maxima. . 

80  p;r  cent 

77  per  cent. 

77  per  cent. 

Lighl  value 
Station  E August  36  9:4s  a 


-5-yo 


(2)   THE  POPULUS  ANG17STIFOLIA-SALIX  NUTTALLU  FORMATION  {fig.  /) 

The  transition  between  this  and  the  preceding  formation  is  a  wholly 
gradual  one,  the  narrow-leaf  cottonwood  occurring,  as  already  noted, 
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as  a  secondary  form  ia  the  preceding  formation.  The  upper  limit 
of  Popttlus  occidentalis  is  about  1950™.  At  this  altitude  it  is  replaced 
by  Populus  anguslijolia. 

Like  the  preceding,  this  fonnation  lacks  continuity,  the  character- 
istic species  only  occasionally  exercising  control,  and  being  Interrupted 
in  places  by  the  Pseudotsuga-Picea  fonnation.  In  scattered  associa- 
tion with  Populus  anguslijolia  and  Salix  Nutlallii  are  A  Inus  tenuijolia, 


Fig,  6. — A  hawthorn  socEely. 

Betula  forUiruslis,  Acer  glabrum,  and  in  the  lower  parts  of  the  moun- 
tains an  occasional  Salix  Fendleriana.    These  shrubs  form  a  straggling 
society  along  the  caiion  bottoms  and  may  be  occasionally  found  run- 
ning up  the  mountai 
one  of  flowering  plai 
arc  usually  present ; 
tinuity  and  are  very 
mixed  and  holds  no 
constituent   species. 
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caAon  is  causing  the  invasion  of  this  fonnation  by  various  weed  s 
the  commonest  of  which  is  Trifolium  repens. 

Common  species  of  the  middle  layer  are  Geranium  Rkkardsoni, 
Rudbeckia  ampla,  Aconiium  columbianum,  A^ilegia  coerulea,  Viola 
canadensis,  Heracleum  lanalum,  and  Vagnera  steUaia.  Occasionally 
a  Mertensia  cUiaia  from  the  brookside  formation  of  the  Hudsonian 
zone  wanders  down  the  cafions  to  2250". 

In  the  upper  limits  of  the  formation  the  cottonwoods  are  mainly 
absent,  the  control  here  being  shared  by  Salix  NuUalHi  and  Alnus 
tenuijolia,  with  an  occasional  invasion  of  Pseudotsuga  mucronata, 
Picea  Engeltnanni,  Picea  Parryana,  and  Popuius  tremuloides.  In 
these  places  the  ground  is  usually  very  wet  and  there  are  present  in 
the  middle  layers,  in  addition  to  the  forms  already  enumerated,  Senecto 
triangularis,  TrolHus  aUnfiorus,  Thalictrum  occidentale,  Oxypolis 
Fendleri,  Panicularia  nervata,  Carex  variabilis,  Montia  Chamissonis, 
Carex  canescens,  Agroslis  kiemalis,  and  Geum  oregontnse.  The 
middle  layer  here  is  usually  open,  but  occasionally  the  grasses  or 
Carices  form  closed  societies. 

The  formation  is  in  a  static  condition.  Within  the  cailons  at 
least  there  is  no  apparent  migration  of  the  cottonwoods  taking  place, 
though  an  occasional  Salix  Nultallii  has  invaded  the  mountain  slopes 
to  a  point  outside  the  proper  limits  of  the  formation. 

The  observations  made  in  a  thicket  of  Corylus  rostraia  and  those 
in  a  hawthorn  society,  and  recorded  under  the  Popuius  occidentalis 
fonnation,  apply  equally  well  to  this  formation,  since  these  forma- 
tions overlap  at  this  point,  as  I  have  already  mentioned.  In  addi- 
tion ot  these  observations,  I  have  three  observations  taken  during 
the  summer  of  1907.  These  observations  were  made  at  three  stations 
which  I  shall  call  A,  B,  and  C  respectively.  Stations  A  and  B  were 
in  Boulder  CaSon  about  20'"°  west  of  Boulder  at  an  altitude  of 
about  2250",  while  station  C  was  at  the  mouth  of  Boulder  Cafion. 
Station  A  was  6"",  B  6''",  and  C  1.2"  from  the  edge  of  the  stream. 

My  observations  follow : 

Temperatttrti 

Station  A.    (June  a6,  5  p.m.)  11"  13'  14° 

Station  C.    (July  30,  5  p.m.)  i6°s         19-3         ai?i 
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WaUr  content 

Ijcm  ir-JJ™ 

Station  A.*     (June  36)  43.7  per  cent.  14-6  per  out. 

Station  B.*     (June  afij  30.0  per  cent.  

Station  C.f     (July  30)  ai  .2  per  cent  

*  Obscmiiiiiu  nude  tollowinf  ■  period  of  ihomiT  weathei. 
t  Ram  two  dip  prcvknu. 

(3)     THE  PmUS-SCOPDLOBUM  FORMATION   {/ig.  2) 

This  formation  covers  the  dry  slopes  of  the  mountains  from  their 
base  at  an  altitude  of  1650"  to  about  2400"".  It  is  exceedingly 
open,  the  pines  seldom  exercising  any  decided  control  on  the  sur- 
rounding vegetation,  except  when  associated  with  the  Douglas  firs. 
While  the  Pseudotsuga  characteristic  of  the  Pseudotsuga-Picea  for- 
mation extensively  overlaps  the  Pinus  scopulorum  formation,  I  have 
thought  best  to  consider  the  two  as  distinct,  because  the  character- 
istic habitat  of  each  is  distinctly  different.  Pseudotsuga,  in  the  lower 
part  of  its  range,  is  restricted  to  the  north  slopes  and  the  cafion 
bottoms,  while  Pinus  scopulorum  occurs  indifferently  over  north  and 
south  slopes  alike,  and  is  absent  from  the  cool,  moist  ca&on  bottoms 
(see  below).  Pinus  scopulorum  is  frequently  associated  in  more  or 
less  dense  clumps  with  Pseudotsuga,  and  where  such  is  the  case,  or 
where  the  pines  themselves  grow  densely,  there  is  present  no  under 
layer  whatever,  with  the  exception  of  a  few  mosses  and  lichens.  As 
soon  as  the  formation  becomes  thinned  out  a  little,  shrubs  and  grasses 
hova  neighboring  areas  wander  in.  Sabina  scopulorum  is  found  in 
scattered  association  with  the  pines  throughout  the  formation. 

According  to  old  residents  of  the  coimty,  the  pines  were  formerly 
much  more  numerous  than  at  present,  having  been  largely  cut  for 
timber,  this  species  having  been  formerly  the  principal  timber  tree 
of  the  mountains.  At  present  comparatively  little  is  being  cut.  The 
formation  is  in  a  dynamic  condition.  Lai^e  numbers  of  pine  saplings 
are  springing  up  throughout  its  extent,  and  on  the  mesas,  which 
extend  peninsula-like  from  the  mountains  on  to  the  plains,  are  numer- 
ous strips  of  open  pine  forest,  gradually  invading'^the  grass  land  of 
the  plains.'    An  exposed  sandstone  cliff  11^  from  the  base  of  the 

^  Ramaley  <fip.  cit.,  p.  31)  explains  the^rexnce  of  Ire«3  on  the  west  end  of  the 
mesas  and  their  absence  on  the  e«sl  end  by  a  difference  in  moisture  between  the  two. 
Since  the  pines  grow  on  exposed  south  slopes  of  the  mountains,  however,  where  the 
water  content  is  very  low,  this  explanation  does  not  appear  to  me  fully  satisfactory. 
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mountains  at  Boulder  bears  In  a  crevice  a  young  specimen  of  yellow 
pine.*  Occasionally  Cdiis  reticulata,  a  representative  of  the  eastern 
forests,  is  found  invadii^  this  formation.    • 

The  absence  of  a  secondary  layer  where  the  pines  and  Douglas 
firs  grow  densely  is  not  to  be  explained  alone  on  the  ground  of  a 
scarcity  of  light  or  of  moisture,  but  rather  by  the  combined  absence 
of  these  factors.  The  shade  is  seldom  dense  enough  to  exclude 
shade-loving  plants,  were  sufficient  mobture  present  to  satisfy  the 
needs  of  such  forms. 

The  physical  factors  of  this  formation  were  taken  at  an  altitude 
of  about  2ioo"onanorth  slope  Ln  a  small  grove  of  pines  and  Douglas 
firs.    The  results  are  given  below : 

Temperatures 

(Otaemiimi  Julr  g{>.  ig:i}F.  h.;  Au^iut  m.  i^ijr.  ■•-',  SeplembiT  11,1:40  r.  H.) 

-u.j—  -ii.»j'-  o"  +TJ™  +9*" 

Minima i6°a*  ig"*  i8?7S  ai°75  "" 

Manma '7'S*  ^t*"*  **"  'f  '*°7S 


Relative  humidity 

(Obacmlioai  ]i>lr  iq.  ti-ij  r.  k.;  Aucust  ■«.  ;:■;  r.  it,;  ScptembcT  ij.  j.^o  r.  K.) 
J-S-  (»- 

Minima ai  per  cent.  33  per  cent. 

Maxima 65  per  cent.  35  per  cent. 

Water  conlenf 

Obcervfttuiu  iT.is**  33-5— 11.  js*" 

Julyag 3.7percent.  4.4perccnt. 

August  14 3.6percent.  3.6percent. 

September  3 —     1.6  per  cent.  3.1  per  cent. 

Light  values 

September  13 3:40  p.  u.->4  ;  60  (in  medium  shade) 

—4  :  360  (in  direct  shade  of  tree  trunk) 

{4)      THE  PINUS  UURRAYANA  FORMATION  {figS.  7,  8) 

This  formation  replaces  the  Pinus  scopulorum  formation  at  about 
2400™  altitude  and  stands  between  it  on  the  one  hand  and  the  Apinus 
fiexilis  formation  on  the  other,  though  it  is  overlapped  by  each  of  these, 
and  indeed  the  two  latter  overlap  each  other  at  about  this  altitude. 
The  question  may  be  raised  whether  the  Pinus  Murrayana  forests 
deserve  recognition  as  an  independent  formation,  or  should  be  classed 

9  In  this  connection  see  also  Shantz,  "A  study  of  the  vegetation  of  the  men 
region  east  of  Pike's  Peak:   the  Boulcloua  formation."     Bot.  Gazette  17:185,  iM, 
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as  a  part  of  one  or  both  of  the  two  just  named.  Since,  however,  they 
occupy  a  definite  zone,  between  2400  and  3000",  only  occasionally 
straying  up  to  3300™,  which  zone  is  not  coincident  with  that  of  either 
of  the  two  others,  I  have  decided  so  to  consider  them. 


FiC.  7. — Pinus  Murrayana  and  Paeudolsuga  timber  near  Nederland,  Colorado; 
approiimate  allitude  asS"™- 

This  formation  occupies  the  dry  mountain  sides  and  is  absent 
from  the  canon  bottoms.  In  the  former  situations  it  frequently 
mingles  with  the  Pseudotsuga-Picea  and  Picea-Abies  formations. 
Its  habitat,  however,  is  distinct  from  that  of  either  of  these.  While 
this  formation  is  much  broken,  alternating  with  the  Carex-grass-shrub 
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formatioii  of  the  moraines  and  with  the  numerous  societies  of  Populus 
tremuloides,  it  is  less  open  than  either  of  the  other  pine  formations  of 
the  mountains.  In  some  places  the  trees  are  separated  by  an  average 
interval  of  but  a  few  decimeters,  which  is  usually  the  case  in  the 


Fig.  B. — Boulder  Creek  between  Nederland  and  Eldora,  appraxiniatG  lllitude 
9490™;  in  ibe  cafion  botlom  Alitm  ttnuijolia  and  Salix  NtiUaUii  dominatei  the 
caflon  Mdea  are  clothed  with  a  mixture  of  the  Apiaus  fleiilis,  Piniu  Murraytui*, 
FKudotsuga-Picea,  Picca-Abics,  and   Pinus  scopulonim   Eocmation. 

yoimger  groves.  In  the  older  forests  there  is  ordinarily  a  greater 
interval  between  the  trees.  The  normal  abundance  of  the  species  in 
a  forest  formation  in  a  region  which  has  been  burnt  and  timbered  as 
extensively  as  have  the  mountains  of  Boulder  County  is  obviously 
difficult  to  determine  satisfactorily.     But  in  comparison  of  apparently 
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xirgiTt  tncts  of  A  pinus  fiexiJis  and  Pinus  Murrayana,  I  find  that  the 
latter  grows  more  densely  than  the  former.  I  know  of  no  virgin 
tracts  of  Pinus  scopulorum.'° 

■  In  the  denser  parts  of  the  formation  the  under  layer  is  very  scanty, 
and  consists  mainly  of  Pyrola  secunda,  Arctostaphylos  mia-ursi,  and 
ChimapkUa  umbellala,  with  a  few  mosses  and  lichens.  Where  the 
formation  is  more  open  frequent  invaders  from  the  neighboring 
Carex-grass-shrub  formation  straggle  in.     Razoumofskya  amerkana 


Ftfl.  Q. — Pinui  Murrayana  and  PaptUut  tremuloiits  timber,  two  miles  west  of 
Siuuet,  Colorado!   approximate  altitude  1700^. 

is  a  common  parasite  of  Pinus  Murrayana.  Relative  to  the  damage 
wrought  by  this  and  the  preceding  species  of  mistletoe  see  Jack 
(pp.  cit.,  p.  45). 

The  discussion  of  the  deforestation  and  reforestation  of  the  areas 
included  in  this  and  the  succeeding  formations  I  shall  reserve  for 
consideration  under  "Succession." 

Observations  of  the  physical  character  of  the  habitat  of  this  for- 
mation were  taken  at  two  stations.    One  of  these  was  in  a  mixed 

«>  In  this  connection  see  also  Jack,  Pike's  Peak,  Plum  Creek,  and  South  Platle 
Reserves,  U.  S.  Geol.  Survey,  »oth  Ann.  Rep.,  pt.  ;,  p-  S°- 
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forest  of  Pinus  Murrayana  and  Pseudotsuga  mucronaia  at  an  approxi- 
mate altitude  of  2550°,  with  a  northwest  exposure.  At  this  station 
three  sets  of  observations  were  taken  on  July  13,  25,  and  August  29. 
The  other  station,  at  which  but  one  set  of  observations  was  made  on 
August  29,  was  in  a  grove  of  young  pines  on  a  northwest  exposure  at 
an  approximate  altitude  of  2520™.  The  first  of  these  I  shall  call 
Station  A,  the  second  Station  B. 

Temperalures 

H.;  15.  3:jQ  p.  M.^  Augus  3^.  6:45  A.  K.) 


<)T6  It"  ia?s 

13°  I4?5  afi" 


Relative  humidity 

Sutioo  A  (OttfTtttopi  July  as.  j-»r.  u.-.  AiifuM  14.6:4;  p.  u.) 
Suiiaa  B  (Obacmlinl  AugiiS  19,  i :  «i  F.  H.) 

I. J™  W*- 

Minima 43  per  cent.  45  per  cent. 

Maxima 67  per  cent.  64  per  cent. 

Water  amtent 

Station  A July  *5  9.8  per  cent.  6.9  percent 

August  29  6.7  per  cent.  9.5  percent] 

Station  B August  29  s.3percent.  4.3percent"_ 

(S)      THE  APINUS  FLEXILIS  FOKHATION 

This  formation  occurs  over  the  dry  meuntain  slopes  from  2550° 
up  to  timber-line.  In  the  lower  part  of  its  range  it  is  represented  by 
only  a  few  scatterii^  individuals,  but  above  3000"  it  is  the  dominant 
pine  formation.  Here  it  extensively  overlaps  the  Picea-Abies  fonna- 
tion,  but  I  have  thought  best  not  to  classify  it  with  the  latter  as 
Apinus-Picea-Abies  formation,  because  it  occupies  as  a  rule  higher, 
drier  ground  than  the  firs  and  spruces,  which  are  found  in  the  cation 
bottoms  as  well  as  on  the  higher  slopes. 

Even  in  the  virgin  forest,  the  trees  are  separated  by  comparatively 
wide  intervals,  but  their  spreading  tops  meeting  overhead  produce  a 
sufficiently  dense  shade  to  exclude  all  but  a  few  straggling  invaders 
from  the  open  slopes,  with  the  exception  of  the  mosses  and  lichens 
ajid  Vaccinium  mkropkyllum,  which  ffjm  the  characteristic  layer 
of  the  forest  floor.  This  last  species  ,fjrms  a  loose  straggling  layer  in 
both  this  and  the  spruce-fir  formation  of  the  high  mountains,  attain- 
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ing  a  heigkt  of  only  a  few  inches.  Biologically,  the  under  layer  of 
this  formation  is  open,  but  the  physical  conditions  of  its  habitat  are 
such  as  to  exclude  most  plants. 

Save  where  artificial  conditions  such  as  fire  or  lumbering  have 
intervened,  the  continuity  of  this  fonnation  is  comparatively  unbroken, 
except  in  its  lower  limits,  where  it  is  represented  only  by  a  few  strag- 
gling individuals. 

Observations  of  the  physical  character  of  the  habitat  of  this  forma- 
tion were  made  at  two  stations  which  I  designate  as  A  and  B.  Station 
A  was  on  a  gentle  slope  with  a  southwest  exposure,  at  an  approximate 
altitude  of  2940"*.  Station  B  was  on  a  comparatively  level  area 
at  an  altitude  of  approximately  3150".  A  series  of  three  observa- 
tions at  these  stations  gave  the  following  results: 
Temperatures 

Suiioii  A  [Otaemlkiiu  J11I7  j,  1:4;  r.  u.;  >;,  11:  i;  A.  u.;  SeptembQ  j.  ii  u.) 
SUIionB  (ObaemUoB  July  19,  6:3s  A.  mJ 

-...5—  -jt.ts—  o-  +r-5~  +o.(i- 

Minima s?8*  6?a  6"  11°%  ""% 

Majdma S't  8°  13U  14. st  ^i'lSX 

■  Depth  of  17. 5».  tn«p<faof  ts«.  IThrccoUarMloni. 

Rdative  humidity 

SUtloa  A(Obam>iUioDjulr  J.  11:4s  r.u.;  it.  11:  is  A.  11.1  Septtmba  j.  ii  v.) 

SUtkmB(Ob«mli(iiiJul7  19,6:30  a.  If.) 

Mioima 34  per  «nt-  27  per  cent. 

Majdma 63  per  cent.  59  per  cent. 

Water  c(m:e»( 
Obaemtiou  ii.2s~  ii.S-it.is™ 

Station  A Julys  17.3  per  cait. 

July  37  18.5  per  cent.  8.7  per  cent 

Septembers  ai.4peroenl.  s.speroent. 

Stations July  19  iti.tpercent.  ii.7percent. 

The  light  value  of  the  Apinus  flexilis  formation  was  taken  at  a 
point  where  this  formation  overlapped  the  Picea  Engehnanni-Abies 
lasiocarpa  formation,  on  September  8  at  11:30  a.m.  The  obser- 
vation was  made  in  the  general  shade  of  the  forest,  not  in  the  direct 
shade  of  a  tree  trunk.    The  value  was  5:180. 

(6)   THE  FSEtmorSUGA  UUCKONATA-PICEA    ENGELUANNI  FOKUATION 

This  is  the  dominant  formation  of  the  cafions  from  1800  to  3700". 
It  mingles  with  the  Pinus  scopulorum  and  P.  Murrayana  formations 
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on  the  ridges  and  with  the  Populus  angustifolia  formaftoa  in  the 
cafion  bottoms.  Pseudotsuga  mucronala  is  more  common  than  the 
other  characteristic  of  the  formation  and  is  far  more  extensive  in 
its  habitat  than  the  latter.  Besides  Pkea  Engelmanni,  P.  Parryana 
occurs  in  the  formation,  forming  a  straggling  society  along  the  bottom 
of  the  cafions  from  aioo"  to  3700™.  Both  of  these  spedes  are 
confined  to  the  cool,  moist  cafion  bottoms  and  the  draws  running  into 
them.  The  Pseudotsugas,  on  the  contrary,  extend  up  on  to  the  dry 
ridges  to  associate  with  the  pines  growing  there.  They  come  down 
the  cafions  to  1710™,  while  the  lowest  limit  of  Ficea  is  about  1950™. 

I  have  already  mentioned  the  fact  that  Pseudotsuga,  in  the  lower 
part  of  its  range,  is  restricted  to  the  north  slopes. ' '  A  comparison  of 
the  physical  cond'  ions  of  the  opposite  slopes  of  Left  Hand  Cafion  at 
an  approximate  altitude  of  2100°'  was  made  by  me  on  September  ao, 
1905.  Two  stations  were  selected,  one  on  the  south  side  (north 
slope)  of  the  cafion  and  the  other  on  the  north  side  (south  slope). 
The  former  slope  was  well  covered  with  aspens,  the  station  being 
chosen  in  a  little  ^de  among  them.  The  latter  slope  was  sparsely 
forested  with  aspens  and  pines  (P.  scopulorum).  Each  station  was 
about  9™  above  the  stream.  The  former  I  have  designated  as  A 
and  the  latter  as  B.  The  following  are  my  results,  the  observations 
being  made  September  20,  1905: 

TemftraiuTa 

_„.j«    -„.,^         o«  +T.S—  +0.0- 

SUtion  A,  3:15  P.  M 7?S  9^5  10°.$  aoTas  ai?7 

Station  B,  2:50  p.  M aa^s  19°  43°  aSfs  as?5 


Station  A,  3.15  P.  u..     3apercent-  27  per  cent. 

Station  B,  2:50  p-  m..     25  per  cent.  a6  per  cent 

Water  amUnl* 


Station  A 4.9  per  cent.  11.3  per  cent. 

SUtion  B a.7  per  cent.  3.3  percent, 

*  The  [nttdmg  eveniiic  wu  ^kxirt  uid  nio  mbabt^  fell  u  iboe  lUtiaiu. 
t  A  few  (xntiinncn  core  wu  uken  u  ttt^  de[«li. 

As  the  result  of  lumbering  and  fires,  this  formation  has  been 
extensively  invaded  by  forms  from  adjoining  open  slopes,  but  typically 

i>  In  this  coonection  see  also  Jack  (op.  cit..  p.  4J4,  pi.  12);  Ssamtz  {op.  eit., 
pp.  34,  40);   andjRAUAi.EV  {op.  ctt.,  pp.  31  et  seq.). 
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it  is  a  closed  formation  admitting  only  a  few  shade  plants.  Where  it 
overlaps  the  pine  formations  on  the  ridges,  its  secondary  layer  is  the 
same  as  already  described  for  them.  In  the  caiion  bottoms  it  is 
invading  the  Populus  angustifoUa-Salix  Nuttallii  formation,  while 
it  in  turn  is  invaded  by  forms  from  the  open  caiion  slopes.  Where 
the  tree  growth  is  dense,  however,  it  is  practically  exclusive  of  all 


ground  is 

forms  except  a  few  mosses  and  lichens  and  an  occasional  Pyrola 
secunda  or  Arnica  cordijolia.  The  formation  has  been  lumbered 
extensively,  the  Douglas  fir  being  used  to  a  considerable  extent  for 
rough  bridge  timbering  and  similar  purposes. 

■  For  the  physical  characters  of  the  habitat,  reference  may  be  made 
to  the  results  recorded  for  the  Pinus  scopulorum  formation,  and  for 
Station  A  in  the  Pinus  Murrayana  formation,  since  both  of  these  sets 
of  results  are  representative  of  the  higher,  drier  parts  of  the  Pseudot- 
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suga  habitat.  One  other  set  of  observations  was  made  at  the  bottom  of 
Boulder  Cafion  at  3:40  P.M.  on  August  29  at  an  approximate 
altitude  of  3350°*.  Here  Pkea  Engelmanni  is  common  and  the 
physical  factors  typical  of  the  axA,  moist  portions  of  the  habitat 
of  this  formation.  The  results  obtained  at  this  latter  point  are  as 
follows : 

Temperatures 

-,..S~  -M.,5—  a"  +J.S—  +,*- 

ii?S  m"  if  i8?7 

Water  cotUatt 

11. JS™  1..J-M..J'- 

I3S-7  percent.  5.8  per  cent. 

(7)      THE  PICEA  ENGELMANNl-ABIES  LASIOCABPA  FORMATION 

(figs.  4,10,  II) 

This  formation  occupies  chiefly  the  cafions  and  to  a  lesser  extent 
the  ridges  of  the  moimtains  from  2850'"  to  timber-Iiae,  in  the  latter 
situation  minting  with  the  Apinus  formation.  The  two  characteristic 
species  are  of  comparatively  equal  abundance,  although  the  firs  are 
more  aumerous  above  3000"  and  do  not  extend  much  below  2400°' ; 
while  the  spruces  are  more  abundant  below  3000°  and  pass  down,  as 
already  noted,  to  1950™. 

Where  the  forest  is  virgin  it  forms  a  dense  growth,  excluding 
practically  all  forms  except  Vaccinium  mUropkyllum  and  a  few  mosses 
and  lichens.  Along  the  wet  stream  banks  through  the  forest,  however, 
we  find  the  brookside  formation  of  the  Hudsonian  zone  characterized 
by  Caltha  leptosepala,  Mertensia  cUiala,  and  Senecio  triangularis, 
while  occasional  invaders  from  adjoining  open  slopes  occur  in  the 
more  open  parts  of  the  formation.  Of  these  must  be  noted  especially 
Erigeron  salsuginosus  and  Pedicularis  racemosa.  It  is  doubtful 
whether  the  latter  form  is  to  be  considered  as  an  invader  or  not.  It  is 
more  common  in  open  timber  than  in  clearings,  but  does  not  occur 
in  the  dense  forest. 

The  results  obtained  from  observations  in  the  Apinus  flexilis 
formation  are  representative  of  the  drier  part  of  the  habitat  of  this 
formation.  In  addition  to  these  results  are  those  obtained  at  two 
other  points  within  this  formation.  The  first  of  these,  which  I  shall 
designate  as  Station  A,  was  near  the  head  of  a  wooded  cafion,  and  in 
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its  lower  part,  at  an  approximate  altitude  of  3150"".  The  slope  was 
gentle,  the  exposure  southeast.  The  second  point,  which  I  shall 
designate  as  Station  B,  was  in  this  same  cafion  at  an  approximate 
altitude  of  3300°,  on  a  steep  south  slope. 

TemperaUires 

Station  A*..     June  ao,  7  P.  m,  4%        8?7  8°7 

June  ai,  6  a.  A.  3?a        a°5  a'l 

Station  B....     September  aa,  4  p.  u.     7?a5        8?a5      i4°75      

■  Tbe'obKrvBtioDB  at  tbh  Aalioo  were  nude  while  muy  mowdrifts  itiU  la^  in  the  foreit^ 

;J|    I    '  Relative  humidity 

4  OhntVEtion*  +7.1*"  +0.0" 

Station  A June  ao,  7  p.  u.  40  per  cent.  40  per  cent. 

,^j  Juneai,6A.M.  loopercent.  96  per  cent. 

Water  content 

ObaemtioDi  !!.>$■■  11.5—11.15"" 

Station  A Juneao,  7?.  u.  aiy  per  cent.  percent. 

Station  B September  aa,  4  p.  u.        30.9  per  cent.  ao.i)  per  (xnt. 

Light  value 
For  light  value,  refer  to  Apinus  formation. 

(8)   THE  ASPEN  SOCIETY   {fig.  p) 

I  have  already  stated  my  reasons  for  not  considering  the  groves  of 
aspens  as  a  distinct  formation.  They  have  an  individuality  as  a 
society,  however,  amoi^  the  other  forest  formations  which  entitles 
them  to  separate  consideration  at  this  point. 

This  society  occurs  within  the  limits  of  the  other  fonnations.    It 
usually  occurs  ^-'^  *  dislinrt  sorietv.  hut  orcasionallv  Inses  its  inHividii- 
ality,  mingling 
distributed  thr 
confined  in  the 
higher  moimta 
south  slopes, 
cising  but  little 
or  it  may  fom 
each  other,  in 
lower  layers. 

The  physia 
those  in  the  d 
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the  exposed  mountain  slopes.  The  height  of  the  trees  and  density 
of  the  foliage  is  not  such  as  to  produce  more  than  a  moderate  amount 
of  shade,  so  that  the  under  layer  is  not  composed  exclusively  of  dense 
shade-lo\-ing  species,  while  the  amount  of  moisture  retained  by  the 
soil  is  sufficient  to  support  an  abundant  growth  of  plants.  The  under 
layer  is  mixed  and  for  the  most  part  open.  Some  of  the  more  frequent 
members  are  Artemisia  trtdentata,  Arctoslaphylos  uva-ursi,  AchilUa 
lanulosa,  Poa  trifiora,  Antennaria  parvijolia,  Poa  pralensis,  Aquilegta 
coeruUa,  and  CastiUeja  acuminata. 

A  scries  of  three  observations  of  the  physical  characters  of  the 
habitat  of  thb  formation,  taken  at  a  point  at  2490°'  altitude  approxi- 
mately, in  a  little  hollow  where  the  general  slope  was  southwest  and 
very  gradual,  gave  the  following  results,"  the  observations  beii^  made 
July  5,  6:10  P.U.;  35,  4:05  p.  u.;  August  38,  5:45  P.M. 
Temperatures 
-M.s—  -ii.ij™  o"  r.j™  0^ 

Minima i4-5*  1*°  'i°a  11°  ii?5 

Maxima I4-S*  16"  '©"t  ^7^5  i8?2S 

Relative  humidity 
7.S-  0" 

Minima 68  per  cent.  55  per  cent. 

Maxima 89  per  cent.  71  per  cent. 

Water  conient 

Otaemlioat  ii.ai»  ii.j-ii.ii™ 

Julys i7.3percent.  

July  as ai.ipercent.  7.9percant. 

Aug.  38 3o.9peroent.  9.iperceDt. 

L^ht  value 
August  37,  10  A.  K "5:90 

•  One  obwrrttion  only,  Ampat  j8. 

t  Four  obAOvfttkms.  iliiA  rcfordol  on  July  14- 

Cleuents,"  recognizes  the  following  forest  formations  in  the 
Pike's  Peak  region  of  Colorado:  Pinus  edulis-Juniperus  (mono- 
spenna) ;  Pinus  ponderosa-flexilis;  Populus  tremuloides;  Picea 
Engelmanni  and  Parryana-Pseudotsuga  (mucronata) ;  Picea  Engel- 
manni-Pinus  (aristata).  The  first  of  these  is  not  represented  in 
Boulder  County.    My  reasons  for  recognizing  the  Pinus  scopulorum, 

•  '  See  also  the  results  obtained  at  Statioo  A  on  September  so. 

'3  Clements,  F.  E.,  Formation  and  succession  herbaria.  tJniv.  Nebr.  Studies 
4:339-355. 


>v  Google 


1907]  YOUNG—FOREST  FORMATIONS  OF  COLORADO  349 

Apinus  flexilis,  and  Pseudotsuga  formations  as  distinct,  and  for  degrad- 
ing the  Populus  tremuloides  formation  to  the  rank  of  a  society,  have 
been  given  in  detail  in  the  discussion  of  these  fonnations.  Finus 
arisUUa  is  a  southern  form  not  occurring  in  this  region  so  far  as  I 
know. 


FtG.  II. — Timber-line  on   Mt.   Arapahoe,   south  slope;    approximate   altitude 
3450™;   lo  (he  right  is  a  small  clump  of  spruce  and  fir. 

Invasloa  and  Buccessioa 

The  soil  of  the  mountain  sides  is  the  result  of  disintegration  of 
the  talus  slopes  with  which  they  are  covered.     It  is  a  loose  gravel 
composed  of  particles  of  rotten  granite,  which  is  very  readily  eroded 
and  forms  an  un 
its  way  downwai 

I  have  been  i 
stages  within  an 
new  or  denuded 
arily  by  mobilitj 
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yet  but  little  disintegration,  the  principal  forms  present  are  the  lichens, 
but  even  here  occasional  shrubs  and  grasses  may  be  found  growing 
in  crevices  where  a  little  soil  has  collected.  On  loose  gravel  slopes 
denuded  by  erosion,  herbs,  shrubs,  and  even  trees  from  neighboring 
formations,  may  pass  in  indiscriminately.  Along  railroad  cuts  and 
embankments  and  in  new  soils  generally,  which  axe  close  to  highways 
or  other  paths  of  nideral  migration,  those  forms  are  among  the  first 
invaders,  but  they  are  not  exclusively  the  first  to  enter.  Associated 
with  them  are  forms  from  the  surrounding  formations,  and  these  may 
be  either  herbs  or  shrubs,  while  in  some  instances  trees  are  the  first 
invaders  of  a  new  soil.  As  an  instance  of  the  latter  we  have  the  inva- 
sion of  sand  flats  on  Boulder  Creek  by  Populus  occidentalis. 

All  of  the  forest  formations  of  the  higher  mountains  have  been 
extensively  denuded  by  fire  {figs.  3,  10).  The  Pinus  scopulorum 
formation  has  not  recently  been  burned  extensively,  due  doubtless  to 
the  fact  that  the  pines  form  such  a  scattered  growth  that  it  is  difficult 
for  fires  to  spread  to  any  extent  among  them.  While  the  aspens  play 
a  large  part  in  the  reforestation  of  these  burned  areas,  owing  to  the 
mobility  of  their  seeds  and  the  readiness  with  which  they  reproduce 
from  roots  left  uninjured  in  the  burned  area,  their  share  in  reforesta- 
tion is  n(it  exclusive.  Thus  any  other  of  the  forest  trees  may 
reforest  a  denuded  area  without  the  intervention  of  any  aspen  stage 
in  the  succession,  while  pines  and  aspens  may  reforest  a  denuded 
area  simultaneously. 

In  the  numerous  meadows  of  glacial  origin  in  the  higher  mountains, 
there  is  proceeding  a  gradual  invasion  of  the  meadows  by  the  Picea- 
Abies  forest  adjoining  them,  the  latter  representing  the  final  stage  in 
a  succession  initiated  by  mosses,  sedges,  and  grasses;  these  in  turn 
to  be  replaced  by  beeches  and  willows,  and  these  latter  finally  to 
make  way  for  the  forest.  These  stages,  however,  are  not  sharply 
defined.  The  forest  may  succeed  the  sedges  and  grasses  directly, 
without  the  intervention  of  willows  and  beeches,  or  the  latter  may 
succeed  the  grasses  and  sedges  simultaneously  with  the  forest. 

The  life-zones  of  the  mountains  in  Boulder  County  may  be  outlined 
as  follows,  based  upon  the  forests  of  the  region:  Alpine  zone,  char- 
acterized by  absence  of  trees,  above  3300  to  3450"*;  Hudsonian  zone, 
characterized  by  A  pinus  ^exUis  a.nd  Abies  lasiocarpa,  2850  to  3450"; 
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Canadutn  zone,  characterized  by  Pinus  Murrayana,  2400  to  2850°; 
Transition  zone,  characterized  by  Pinus  scopulorum,  1650  to  2400". 
WhOe  physical  factors  are  so  closely  interrelated  that  it  is  very 
difficult  to  separate  them  in  determining  what  factors  exercise  the 
greatest  influence  in  limiting  the  formations,  we  may  at  least  limit 
these  factors  to  two  in  answering  the  question  "Why  are  zones  present 
in  mountain  forests  ?"  The  factors  of  light  and  humidity  may  be 
rejected  at  once,  since  their  variation  at  different  altitudes  is  practically 


FlO.  II. — The  Populus  occidcntalis  formation  in  the  valley  of  Boulder  Cieek,  1 
les  east  of  Boulder;   approximate  altitude  1590™. 


negligible.  The  obvious  answer  is  that  mountain  zonation  is  due 
entirely  to  temperature.  We  have  already  seen  that  the  difference  in 
temperature  between  timber-line  and  the  base  of  the  mountain  is 
very  marked  and  the  same  is  true,  even  to  a  greater  extent,  of  the 
length  of  the  growing-season.  That  water  content  may  play  as  great 
if  not  a  greater  r61e  than  temperature,  however,  is  at  least  possible. 
I  have  already  noted  the  fact  that  the  rainfall  in  the  high  mountains 
is  about  25'^'°  more  annually  than  on  the  lower  slopes. 

The  part  played,  moreover,  by  the  development  of  the  formations 
and  their  relation  to  the  glacial  history  of  the  country  may  be  very 
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considerable.    At  present  I  have  not  sufficient  data  to  enable  me  to 
discuss  this  question  fully. 

In  closing  this  paper,  I  wish  to  express  my  appreciation  of  the 
kindly  interest  taken  in  my  work,  and  assistance  given  me  by  Drs.  C- 
E.  Bessey  and  F.  E.  Clements,  of  the  University  of  Nebraska,  and 
by  Dr.  Francis  Ramaley,  of  the  University  of  Colorado.  For 
identification  of  my  collection  I  am  indebted  to  the  New  York 
Botanical  Garden,  Professor  Aven  Nelson,  Laramie,  Wyoming,  and 
Mr.  A.  S.  Hitchcock,  of  the  United  States  Department  of  Agriculture. 
'  NpKTH  Dakota 
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(WITH  PLATES  XXIV-XXVn  AND  ONE   FIGURE) 

The  orchids  have  attracted  much  attention  on  account  of  their 
striking  habits  and  especially  because  of  their  remarkable  adapta- 
tions to  insect  pollination,  but  the  record  of  morphological  investiga- 
tion is  a  very  scanty  one.  Morphologists  have  doubtless  regarded 
them  as  highly  specialized  forms,  whose  interest  probably  lies  within 
themselves  rather  than  in  any  connection  with  the  lai^er  problems 
at  present  attracting  attention.  In  the  stages  of  development  extend- 
ing from  the  archesporium  of  the  ovule  to  fertilization,  Strasburgeb's 
account  {43)  of  Orchis  pollens,  in  1878,  indicated  that  the  familiar 
angiosperm  stages  were  present  in  the  family.  I^ter,  the  same 
investigator  (44)  states  that  no  parietal  cell  is  cut  off  in  Gymnadenia 
conopsea;  and  Goebel  (22)  makes  a  similar  statement  for  Orchis 
pollens,  probably  based  upon  StrasbURGer's  original  account  of 
this  species;  but  Dum£e  and  Malintadd  (19)  report  several  genera 
with  parietal  cells.  Recently  Nawaschin  (35)  and  Strasbukger 
(45)  have  discussed  triple  fusion  in  the  orchids  and  its  relation  to 
endosperm  development,  the  former  claiming  that  in  tropical  forms 
the  nuclei  remain  in  contact  but  do  not  fuse,  the  latter  stating  that 
fusion  occurs  in  the  forms  he  had  investigated.  In  connecdon  with 
the  development  of  the  embryo,  especially  in  reference  to  certain 
remarkable  suspensors  of  the  group,  there  is  a  considerable  body  of 
literature,  hut  it  lies  bey(«d  the  scope  of  this  paper. 

The  greater  part  of  the  material  for  the  present  investigation  was 
collected  in  the  vicinity  of  Chicago  in  the  summer  of  1906,  small 
collections  having  been  made  also  in  1896  and  1898.  l"he  collections 
of  1906  were  made  June  17,  July  4,  11,  17,  and  27.  Cypripedium 
spectabile  and  C.  porvi^orum  furnished  the  greater  part  of  the  mate- 
rial, but  C.  pubescens  and  C.  candtdum  were  examined  also  in  a 
few  st^es.  The  youngest  material  collected  was  from  flowers  just 
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opening,  and  later  stages  were  collected  from  time  to  lime  until  the 
seeds  were  almost  mature. 

MEGASPOSZ 

As  is  well  knonn,  the  ovary  of  orchids  contains  a  great  number  of 
small  ovules  arranged  in  three  double  rows.  The  ovules  are  very 
slow  in  developing,  but  the  archesporial  cell  is  differentiated  in  the 
bud.  No  parietal  cell  is  cut  off,  the  archesporium  functioning  as 
the  spore  mother  cell.  The  young  ovule  lengthens  rapidly  and  a  row 
of  several  cells  is  formed  below  the  archosporiimi;  these  cells  were 
often  seen  in  mitosis,  but  the  archesporium  was  never  found  dividing 
until  the  mother-cell  stage.  In  flowers  just  opening  the  spirem  of 
the  mother  cell  is  formed,  and  the  sj-napsis  stage  is  usually  reached 
by  the  time  the  flower  is  in  full  bloom  (fig.  i).  While  the  di\ision  of 
the  mother  cell  appears  to  be  of  rather  long  duration  in  most  plants, 
it  seems  to  be  unusually  prolonged  in  orchids  as  compared  with  other 
herbaceous  plants.  Certain  cultivated  orchids  examined  surest  the 
probability  of  no  further  development  of  the  ovule  unless  pollination 
takes  place.  The  cells  of  the  ovule  arc  all  relatively  lai^e,  with  large 
nuclei,  but  the  mother  cell  is  quite  striking  because  of  its  size.  At 
this  stage  the  whole  ovule,  which  is  always  very  small,  is  growing 
rapidly,  the  region  of  the  integuments  being  especially  active.  The 
division  of  the  mother  cell  takes  place  in  the  usual  way  (figs,  i,  i$,  i6). 

Certain  details  of  this  division  are  particularly  well  shown  in  my 
material.  After  the  integuments  are  started,  the  spirem  begins  to 
thicken,  the  chromomeres  are  very  distinct,  and  the  thread  is  quite 
long,  so  that  it  is  hardly  possible  to  do  more  than  suggest  its  appear- 
ance in  a  drawing  (fig.  2).  A  nucleus  hke  that  in  fig.  j,  in  which  only 
a  few  threads  are  drawn,  shows  them  beginning  to  be  paired ;  a  little 
later  stage  is  shown  in  fig.  4,  where  the  threads  lie  closer  together  and 
pairing  is  more  evident,  the  whole  spirem  being  in  this  condition. 
In  this  stage  the  chromomeres  were  not  so  distinct,  but  it  was  evident 
that  the  threads  were  not  entirely  homogeneous.  When  the  threads 
have  approached  each  other  until  the  chromomeres  almost  touch, 
or  even  seem  to  be  in  contact,  the  synaptic  knot  begins  to  form  (fig.  5), 
usually  around  or  close  to  the  nucleolus,  which  often  shows  vacuoles 
at  this  time.    As  the  threads  are  crowded  more  and  more  into  the 
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knot,  often  several  of  them  seem  to  be  attached  to  the  nuclear  mem- 
brane (fig.  6);  this  was  seen  several  times,  so  that  it  is  probably  the 
usual  condition.  The  synaptic  knot  is  at  one  side  of  the  nucleus 
and  gradually  becomes  a  compact  mass  (fig.  7).  Even  when  it  is 
most  compact,  the  constituent  threads  are  apparently  distinct,  as  is 
suggested  in  the  figure  by  the  rough  edges  of  the  knot  and  by  the 
very  evident  lines  across  it.  Hundreds  of  nuclei  in  this  stage  were 
examined  and  this  seems  to  be  the  usual  condition. 

Upon  coming  out  of  synapsis,  the  threads  are  no  longer  in  distinct 
pairs,  but  in  many  instances  the  double  nature  could  be  detected 
for  short  distances,  and  occasionally  throughout  much  of  the  spirem. 
The  threads  gradually  resume  their  posidon  near  the  nuclear  mem- 
brane (figs.  8,  q),  and  about  this  time  the  cytoplasm  becomes  arranged 
in  lines  which  radiate  from  several  centers  (figs.  8,  11),  which  are 
evidently  the  first  indications  of  the  multipolar  spindle.  The  chro- 
momeres  become  less  and  less  distinct,  so  that  with  the  thick  spirem 
an  almost  perfect  homogeneity  seems  to  exist  (fig.  9);  but  even  in 
this  stage  the  double  nature  of  the  spirem  is  often  evident,  especially 
when  cut  ends  are  examined.  There  are  eleven  chromosomes  at 
this  reduction  division  (figs.  12,  ij),  but  it  was  not  possible  to 
determine  just  how  the  splitting  takes  place — whether  transversely 
or  longitudinally.  Fig.  lo  is  at  the  right  stage,  but  whether  these 
pieces  are  to  be  regarded  as  having  about  completed  the  longitudinal 
splitting,  or  as  the  one  long  curved  and  twisted  chromosome  which 
will  be  cut  transversely,  could  not  be  determined  from  my  material. 
Fig.  15  shows  a  typical  spindle  for  the  division  of  the  mother  cell. 
A  cell  in  the  wall  of  the  ovule  gave  the  expected  count  of  twenty-two 
chromosomes  for  the  sporophyte;  these  were  scattered  somewhat  in 
the  drawing  (fig.  14). 

When  first  formed,  the  daughter  cells  are  alike  in  form  and  size 
(fig.  16);  but  very  soon  the  inner  cell  shows  that  it  is  developing 
faster  than  the  outer  (fig.  17),  which  also  begins  to  show  signs  of 
disintegration.  This  difference  becomes  more  and  more  pronounced 
•  in  the  metaphase  {fig.  jg)  and  telophase  (fig.  20)  of  the  favored  cell. 
Early  indications  of  the  spindle  suggest  the  usual  bipolar  form 
(fig.  18),  and  longitudinal  splitting  of  the  chromosomes  is  shown  in 
fig.  IQ,  SO  that  there  is  nothing  unusual  in  this  division  of  the  daughter 
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cell  (or  cells)  up  to  the  telophase  stage.  There  is  no  evidence  of  a  wall 
forming  between  the  two  nuclei  either  in  the  telophase  stage  or  later; 
and  the  two  nuclei  are  thus  left  free  in  the  cytoplasm.  This  stage 
was  seen  repeatedly,  and  never  was  there  a  wall  separating  the 
megaspores  formed  by  the  second  division.  Figs.  20,  21,  2j,  24 
represent  conditions  common  in  the  material  studied,  which  was 
collected  July  11,  when  the  flowers  had  withered.  This  is  the  con- 
dition in  most  flowers  when  one  looks  for  fertilization  stages;  but 
here  the  megaspores  are  just  forming  in  many  of  the  ovules,  although 
in  an  occasional  one  there  was  some  evidence  of  fertilization.  The 
^[ures  give  a  rather  complete  series  of  the  stages  that  would  be 
expected  to  show  indications  of  wall  formation;  but  there  is  no 
su^estion  of  an  ephemeral  wall  even,  as  might  be  expected  in  case  of 
its  relatively  recent  elimination.  Fig.  22  shows  two  daughter  cells 
in  which  the  nucleus  of  the  micropylar  one  is  developing,  but  this 
was  the  only  case  of  the  kind  seen. 

EMBRYO   SAC 

Immediately  after  the  division  of  the  inner  daughter  nucleus, 
forming  two  megaspore  nuclei  with  no  wall  separating  them,  these 
two  nuclei  organize  the  embryo  sac  (fig.  2j),  which  increases  rapidly 
in  size  and  becomes  very  vacuolate.  The  two  megaspore  nuclei 
form  spirems  (/i^.  24)  which  thicken,  and  the  usual  mitotic  division 
follows  {fig.  25).  The  spindles  for  this  division,  resulting  in  a  four- 
nucleate  sac,  are  small  and  apparently  at  right  angles  to  one  another. 
No  evidence  of  another  division  was  found,  although  at  least  three 
hundred  slides  with  hundreds  of  ovules  upon  each  were  examined 
for  this  particular  stage.  When  the  sac  is  ready  for  fertilization, 
four  nuclei  are  present,  so  that  if  other  nuclei  are  formed  they  are 
very  ephemeral.  The  micropylar  daughter  cell  resulting  from  the 
division  of  the  megaspore  mother  cell  may  stiD  be  distinguished, 
though  it  is  evidently  fast  disintegrating  (figs.  2j,  24,  25).  The  four 
nuclei  of  the  sac  are  usually  of  the  same  size  {fig.  26),  but  in  one 
instance  the  two  micropylar  ones  were  larger  than  the  others  {fig.  2/).  < 
Probably  fig.  28  gives  the  explanation;  in  this  sac  the  two  megaspore 
nuclei  are  not  dividing  simultaneously,  the  antipodal  one  being  in 
late  prophase,  while  the  micropylar  one  has  reached  the  late  telophase 
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and  the  two  new  nucid  are  being  organized.  Not  only  has  the 
embryo  sac  increased  enormously  in  size,  but  the  whole  o\niIe  is  very 
active.  The  integuments  have  grown  very  rapidly,  having  lengthened 
until  they  reach  far  beyond  the  nucellus. 

The  usual  egg  apparatus,  with  its  two  synei^ds  and  egg,  each  with 
very  distinct  cytoplasm  and  Hautschicht,  is  organized  in  the  micro- 
pylar  end  of  the  sac,  the  other  nucleus  being  left  in  the  center  or  toward 
the  antipodal  end  (figs.  29,  jo). 

A  few  peculiar  or  "abnormal"  forms  were  found.  Fig.  31  shows 
what  appears  to  be  two  mother  cells,  which  is  suggested  by  the  unusual 
de^lopment  of  that  region  of  the  ovule  compared  with  that  of  the 
integuments  and  the  remainder  of  the  ovule;  but  the  best  evidence 
is  in  the  chromosomes,  which  in  both  cells  appear  to  be  of  the  hetero- 
typic form.  In  another  orchid,  in  several  cases,  two  mother  cells  (in 
synapsis)  were  seen  in  a  singleovule.  Usually  the  spindle  in  the  division 
of  the  mother  cell  is  parallel  with  the  axis  of  the  ovule;  but  fig.  32 
shows  one  at  right  angles  to  the  usual  position;  only  two  of  these 
spindles  were  seen,  and  they  were  near  each  other  in  the  same  ovary. 
No  arrangement  of  megaspores  seen  could  be  related  to  this  position  of 
the  spindle.  Several  examples  of  the  division  of  both  daughter  cells 
were  found  {fig.  jj).  It  is  probable  that  in  this  case  only  one  embryo 
sac  is  formed,  for  even  in  the  very  early  spirem  stage  the  two  chalazal 
megaspores  are  developing  at  the  expense  of  the  others,  or  at  least 
more  rapidly'than  the  two  micropylar  ones  {fig.  34).  The  width  of 
the  ovule  in  fig.  35  suggests  the  possibih'ty  of  a  transverse  spindle, 
but  it  was  endently  transverse  in  the  second  division,  as  suggested  by 
the  lines  of  protoplasm  and  by  the  position  of  the  nuclei.  These 
"abnormalities"  are  all  rare  in  my  material,  not  more  than  a  dozen 
such  cases  appearing  among  thousands  of  the  usual  forms. 

FERTILIZATION 
The  immense  number  of  ovules  suggested  the  possibility  of  par- 
thenogenesis, or  of  failure  to  develop  an  embryo  at  all.  The  latter 
view  is  favored  by  the  wcU-known  difficulty  in  germinating  orchid 
seeds,  but  the  material  studied  gave  no  indication  of  either  condition. 
All  ovules  of  the  right  age  had  embryos,  and  in  almost  all  of  them 
evidences  of  the  pollen  tube  were  more  or  less  distinct,  traces  of  it 
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often  being  detected  in  the  space  between  the  wall  of  the  ovary  and  the 
micropyle;  and  in  most  cases  traces  could  be  seen  in  the  micropyle 
and  continuing  into  the  embryo  sac  {figs.  43,  40). 

In  the  pollen  grain  the  division  into  tube  end  generative  cells 
takes  place  before  shedding.  In  this  division  a  wall  forms  in  all 
cases  examined,  but  it  soon  disappears.  In  one  anther  over  one 
hundred  late  anaphases  and  early  telophases  were  counted  in  which 
the  wall  was  formed,  and  only  about  a  do7.en  late  telophases  were 
without  a  wall.  As  these  showed  no  traces  of  the  spindle,  the  proba- 
Inlity  is  that  the  wall  was  formed  here  as  in  the  others,  but  had 
disappeared.  The  generative  nucleus  has  a  mass  of  cyto[^m  about 
it  that  differs  markedly  in  its  staining  reaction  from  that  of  the  tube 
nucleus.  The  gametophyte  number  of  chromosomes  (eleven)  was 
ea^y  counted  here.  Figs.  36-41  represent  a  series  in  this  division. 
Fig.  39  shows  the  wall  forming  in  the  telophase,  while  fig.  40  shows 
it  completed.  The  latter  figure  is  also  interesting  in  showing  a 
chromosome  left  out  of  one  of  the  nuclei  at  its  organization. 

The  division  of  the  generative  nucleus  was  not  seen ;  but  as  pollen 
bam.  the  bud  to  the  time  of  shedding  was  studied,  it  must  take  place 
after  pollination.  When  the  pollen  tube  is  passing  from  the  ovary 
wall  to  the  micropyle,  the  division  has  already  taken  place  (Jig.  45). 

Only  one  attempt  at  pollination  was  made.  Two  flowers  with 
stems  about  25=°  long  were  brought  into  the  laboratory,  placed  in 
water,  and  the  whole  put  under  a  bell  jar  with  some  "ventilation  to 
keep  them  in  as  nearly  normal  condition  as  pos^ble.  Each  was 
pollinated  from  the  other.  Four  days  later  one  of  them  was  fixed, 
being  apparently  in  good  condition;  but  the  other  was  dead  six 
days  after  pollination.  When  the  first  was  sectioned  and  stained,  the 
ovules  were  found  to  have  gone  to  pieces.  The  pollination  was  made 
in  the  hope  of  getting  some  idea  of  the  development  of  the  ovule  in 
relation  to  the  time  of  pollination.  The  stigma  was  sectioned  and 
showed  that  the  pollen  grains  had  practically  all  developed  tubes, 
many  of  them  being  traced  into  the  conductive  tissue,  in  some  cases 
for  some  distance,  and  the  grains  were  almost  all  empty.  If  the 
development  of  the  tube  was  delayed,  a  condition  like  that  in  fig.  41 
was  found,  in  which  the  tube  is  just  forming  and  the  generative 
nucleus  is  beginning  to  show  signs  of  activity.    Soon  a  complete 
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Spirent  is  formed,  and  tubes  less  than  the  length  of  the  pollen  gnun 
have  the  three  nuclei  in  them;  so  that  the  generative  nucleus  probably 
divides  into  the  male  nuclei  as  the  tube  develops. 

It  will  be  remembered  that  the  embryo  sac  ready  for  fertilization 
contains  only  four  nuclei — the  egg  apparatus  in  the  usual  portion, 
and  the  remaioiDg  nucleus  near  the  center  of  the  sac  or  toward  the 
antipodal  end  {figs.  2g,  30),  As  the  pollen  tube  penetrates  the  sac,  one 
of  the  synergids  may  be  in  front  of  it  and  a  little  lower  than  the  other, 
as  if  it  were  beii^  pushed  horn  its  usual  position  by  the  inrush  of  the 
contents  of  the  tube,  or  moving  for  some  other  reason  toward  the 
antipodal  end  of  the  sac  (fig.  44).  The  egg  nucleus  may  be  already  in 
the  spirem  stage.  The  pollen  tube  here  shows  the  tube  nucleus 
in  advance,  with  the  two  male  nuclei  elongated  and  near  it.  A  st^e 
just  later  than  this  shows  two  nuclei  below  the  egg,  and  from  the 
lines  of  cytoplasm  one  seems  to  be  the  synergid  which  has  moved  to 
that  position  (fig.  42).  The  two  male  nuclei  are  still  somewhat 
elongated  and  are  in  advance  of  the  tube  nucleus.  Fig.  43  shows 
the  polar  nucleus  and  the  synergid  near  the  antipodal  end  of  the  sac, 
and  the  two  male  nuclei  still  elongated.  The  primary  endosperm 
nucleus  is  formed  in  this  case  by  the  fusion  of  a  male  cell,  the  sectary 
polar  nucleus,  and  the  migrating  synergid.  In  this  fusion,  as  well 
as  in  the  fertihzation  of  the  egg,  the  fusing  nuclei  often  come  into 
contact  in  the  resting  condition  (fig.  45),  the  figure  showing  the  male 
nucleus  in  contact  with  the  egg  still  curved  and  elongated.  Many 
views  of  this  ^ge  might  be  given  with  slight  \'ariation  in  the  position 
of  the  nuclei ;  and  while  fusion  in  the  resting  condition  was  apparently 
the  more  common  in  my  material,  it  was  not  at  all  uncommon  to  find 
spirems  already  well  formed  and  in  different  stages  of  development. 

The  pollen  tube  was  often  traced  from  the  ovary  wall  through  the 
micTopyle  into  the  embryo  sac.  The  male  nuclei  are  usually  elongated 
and  sometimes  in  advance  of  the  tube  nucleus,  but  the  tube  nucleus 
usually  precedes  them  (fig.  46).  In  no  case  does  the  pollen  tube  pass 
directly  to  the  micropyle,  but  bends  in  various  directions.  This  may 
be  due  to  the  attraction  of  other  ovules,  several  of  which  will  be 
almost  as  near  as  the  one  entered.  It  may  be  that  after  leaving  the 
ovary  wall  the  tube  simply  wanders  in  this  space  until  it  comes  within 
the  influence  of  the  ovule  it  enters. 
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One  sac  indicated  the  possibility  that  the  synergid  may  fail  to 
unite  in  the  triple  fusion.  Fig.  47  is  unusually  interesting.  Some 
of  the  nuclei  show  the  tendency  to  become  amoeboid,  but  the  interest 
is  due  especially  to  the  condition  of  the  nuclei,  all  of  those  that  take 
part  in  double  fertilization  having  reached  the  spirera  stage  not  only 
before  fusion,  but  even  before  contact.  The  spirem  is  well  formed 
in  every  nucleus,  and  shortened  almost  enough  to  segment  into  chro- 
mosomes. It  would  seem  in  this  case  that  if  fusion  does  take  place, 
there  could  be  no  possibility  of  n  fusion  of  the  chromatin,  which  would 
certainly  divide  into  chromosomes  from  each  spirem  as  it  is  now 
formed.  Well-formed  spirems  in  different  stages  of  development 
are  common;  in  jig.  48  the  male  ajid  female  nuclei  have  formed  thick 
spirems  which  are  evidently  distinct,  and  while  those  of  the  triple 
nucleus  are  just  as  distinct,  they  are  much  younger.  In  the  same 
figure  an  unusual  development  of  the  synergid,  or  possibly  of  the  tube 
nucleus,  is  shown;  but  as  no  further  indication  of  division  was  ever 
found,  there  is  probably  no  significance  to  be  attached  to  it.  Fig.  49 
shows  a  pollen  tube  from  its  entrance  into  the  micropyle  to  its  ending 
in  the  sac,  the  male  nuclei  being  not  only  elongated  but  cur\-ed.  In 
a  few  instances  there  is  some  distance  between  the  two  male  nuclei 
(fig.  so),  but  this  seems  to  be  rather  uncommon.  The  very  sharp 
bend  in  the  tube  shown  in  the  last  figure  suggests  some  special 
attraction  felt  just  at  this  point,  directing  the  tube  into  the 
micropyle. 

ENIWSPERH 

The  fertilized  egg  may  divide  before  the  primary  endosperm 
nucleus  (figs.  51, 52)  and  during  this  di\'ision  the  latter  may  be  in  the 
spirem  stage  {fig.  5?),  or  resting,  or  with  the  spirem  just  formii^; 
and  in  one  instance  the  division  of  the  egg  was  taking  place  before 
the  second  male  nucleus  had  left  the  pollen  tube.  The  endosperm 
nucleus,  however,  may  divide  first,  fig.  $3  showing  it  in  late  prophase 
while  the  egg  and  male  nucleus  arc  barely  in  contact  and  the  spirem 
is  just  beginning  to  be  formed  in  each. 

With  the  nuclei  of  both  fusions  in  the  spirem  stage  the  endosperm 
nucleus  may  be  farther  advanced  than  the  egg,  one  preparation 
showing  its  threads  very  disiiiict  and  much  thicker  than  those  of  the 
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egg.  Fig.  54  shows  a  two-celled  embn-o  and  the  primary  endosperm 
nucleus  in  late  prophase.  At  the  three-  or  four-celled  stage  of  the 
embryo,  the  endosperm  nucleus  shows  a  spindle  fonning  {fig,  55), 
which  is  almost  complete  and  is  very  broad;  the  chromosomes 
(approximately  thirty-three)  are  probably  in  metaphase.  On  the 
other  hand,  the  primary  endosperm  nucleus  may  reach  the  anaphase 
before  the  fusion  of  the  male  and  female  nuclei,  as  one  of  my  sections 
shows,  the  male  nucleus  not  having  left  the  pollen  tube,  and  both  it 
and  the  egg  nucleus  with  spirems  forming. 

The  telophase  of  the  endosperm  spindle  shows  a  wall  {fig.  56), 
but  it  is  probably  ephemeral,  as  none  was  seen  either  in  two-  or  four- 
nucleate  endosperm.  The  endosperm  nuclei  are  relatively  large, 
as  would  be  expected  from  the  laige  amount  of  chromatin  used  in 
their  formation  (figs.  S7,  SS),  one  in  fig.  sy  measuring  17  X  23  ^. 
For  this  reason  they  are  not  likely  to  be  confused  with  other  nuclei  of 
the  sac.  The  two-nucleate  stage  of  the  endosperm  may  be  reached 
at  any  stage  of  the  embryo  between  two  and  twenty  or  more  cells. 
The  figures  for  the  second  division  of  the  endosperm  were  not  seen, 
but  the  four-nucleate  stage  was  foimd  in  a  few  sacs  {fig.  58).  From 
the  appearance  of  these  nuclei  it  is  altogether  probable  that  another 
division  may  take  place,  for  they  are  apparently  beginnii^  the  forma- 
tion of  the  spircm  for  the  next  di\nsion,  and  are  large,  vigorous- 
looking  nuclei. 

While  the  presence  of  endosperm  nuclei  is  quite  common,  it  is  not 
difficult  to  select  a  series  that  would  indicate  the  possibility  of  their 
failure.  An  embryo  of  several  cells  with  the  primary  endosperm 
nucleus  still  in  the  resting  condition  is  rare  {jig.  59) ;  but  we  need  not 
conclude  that  division  may  not  take  place  later  than  this,  for  with  a 
still  older  embryo  {fig.  60)  the  endosperm  nuclei  have  begun  to  form 
spirems,  although  there  is  no  evidence  of  fusion  further  than  the 
contact.  In  fig.  61  one  of  the  nuclei,  probably  the  male  nucleus, 
has  been  delayed  in  reaching  the  other  two;  yet  some  suggestion 
of  the  spirem  is  evident  in  all  three.  Fig.  62  shows  a  sac  which  is 
almost  filled  by  the  embryo,  and  at  the  base  are  three  nuclei  which 
are  probably  the  constituents  of  the  triple  fusion  which  has  not  taken 
place;  it  is  barely  possible  that  they  are  endosperm  nuclei,  but  there 
is  no  evidence  of  a  fourth  nucleus.     If  these  are  not  endosperm  nuclei. 
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divides  and  throws  off  a  polar  body,  and  forms  the  secondary  oocyte. 
The  polar  body  may  divide;  the  secondary  oocyte  divides,  forming 
another  polar  body  and  the  mature  egg  (megaspore)  (see  Boveri  6 
and  Wilson  47).  The  two  divisions  are  of  the  heterotypic  and 
homotypic  types  found  in  plants  in  the  formation  of  megaspores. 
In  Cypripedium,  if  the  last  division  in  the  embryo  sac  were  omitted, 
there  would  be  the  same  number  of  divisions  in  the  formation  of  the 
egg  as  in  the  animal.  If  the  wall  were  omitted  between  the  daughter 
nuclei  at  the  division  of  the  mother  cell,  as  in  Liliuro,  and  the  last 
division  were  omitted,  the  sac  would  have  fova  nuclei  as  now;  and 
this  would  be  true  of  Lilium  if  the  last  division  did  not  take  place. 
This  situation  was  discussed  by  Chambeslain  (ii,  12)  in  coimection 
with  the  usual  eight-nucleate  sac,  and  also  in  relation  to  the  probable 
four-nucleate  sac  of  Cypripedium. 

The  situation  may  be  made  more  clear  by  means  of  diagrams. 
Fig.  A  represents  the  primary  oocyte  dividing  in  the  usual  way  and 
the  mother-cell  di^-ision  in  Cypripedium  and  in  Lilium ;  in  all  cases 
this  is  the  heterotypic  division.  Fig.  B  represents  the  next  division 
if  the  first  polar  body  fails  to  divide,  and  if  the  micropylar  nucleus 
fails  as  in  Cypripedium.  Fig.  C  represents  the  same  stage  as  fig.  B, 
but  the  first  polar  body  and  the  micropylar  cell  in  Cypripedium 
divide ;  this  is  the  homotypic  division.  Fig.  D  represents  the  division 
indicated  in  fig.  C  completed,  with  the  typical  arrangement  of  nuclei 
in  all  three  forms.  This  completes  the  animal  series;  but  in  Cypri- 
pedium and  in  Lilium  there  is  another  division,  which  is  represented 
in  fig.  E.  It  is  e\ident  that  in  these  forms  there  is  even  greater 
reduction  in  the  number  of  divisions  than  in  the  male  gamctophyte 
if  the  mother  cell  be  taken  as  the  beginning  of  the  gametophyte 
generation,  as  is  done  by  CotiLTER  and  Chauberlain(i7);  for  there 
the  male  nucleus  represents  two  divisions  beyond  the  microspore, 
while  in  Cypripedium  and  Lihum  the  egg  is  removed  by  only  one 
division  from  the  megaspore  nucleus. 

Wall  in  pollen  grain.— The  ephemeral  wall  in  the  pollen  grain 
between  the  tube  and  generative  nuclei  is  not  difficult  to  explain 
according  to  present  homologies.  It  has  been  reported  in  a  few 
plants,  as  Neottia  (Gotgnabd  26),  Sarcodes  (Oliver  36),  Naias  and 
Sparganium  (Caupbell  8,  9),  Populus  and  Lilium  (Chamberlain 
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AnimaJ  Cypriptdium  IMium 


Successive  stages 
in  msturatioD  of 
animal  egg,  and  in 


nCypri- 

Lilium.  A,  the  di- 
vision ot  the  primary 
oocyte  lo  form  the 
first  polar  body  (f') 
and  the  secondary 
ooc3^c;  and  the  di- 
vision of  the  mother 
cell  in  Cypripedium 
and  in  IJIium— -all 
heterotypic  divisions. 
B,  the  division  of  the 
secondary  oocyte  to 
fonn  the  second 
polar  body  (p*)  and 
the  egg;  and  the 
second  division  in 
Cypripedium  and  in 
LJIium,  giving  tbe 
m^aspores  (m) — the 
homotypic  division 
in  aU.  C,  the  same 
stage  as  tbe  preced- 
ing, but  tbe  first 
polar  body  of  the 
animal  tuid  the 
micropylar  nucleus 
of  Cypripedium  di- 
viding. D,  the  egg 
and  tbe  tbree  polar 
bodies  (f)  ot  the 
animal,  and  the 
megaspores  (n)  of 
Cypripedium  and  of 
UUum.  £,  not  in 
the  ■nimal  series; 
the  division  that 
gives  the  egg  in 
Cypripedium  and  in 
Lilium. 
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13,  14),  Sagittaria  (Schaffnes  39),  Convallaria  (Wiegand  46), 
Asdepias  (Frye  3i),  and  Hamamelis  (Shoehakek4i).  If  the  tube 
cell  represents  the  wall  cells  of  the  antheridium,  this  wall  is  a  relict  of 
the  time  when  there  was  a  complete  separation  between  spermatoge- 
nous  and  wall  tissue  (Coui.teb  and  Chaubesiain  18).  This  differ- 
ence was  shown  not  only  by  separating  walls  but  by  reaction  to  stains; 
and  the  latter  difference  still  remains  in  the  pollen  grain  after  the 
wall  disappears. 

Double  fertilization, — In  looking  over  my  material  it  seems 
strange  that  double  fertihzation  was  first  reported  less  than  a  decade 
ago,  when  Nawaschin  (33,  34)  made  his  announcement.  In  my 
material  double  fertilization  was  observed  in  hundreds  of  instances; 
in  fact  there  would  be  some  difficulty  in  finding  fertilization  without 
some  suggestion  of  triple  fudon;  it  was  as  evident  in  every  respect  as 
the  fertihzation  of  the  egg.  However,  it  was  stated  above  that  in 
some  cases  it  may  fail  to  take  place;  and  it  would  not  seem  unlikely 
that  in  some  orchids  triple  fusion  always  occurs  and  in  others  it  may 
be  rare  or  omitted  altogether,  as  indicated  by  Strasbusger  and 
Nawaschin.  Nawaschin  thought  that  in  the  failure  of  triple 
fusion  he  had  found  the  explanation  of  the  lack  of  endospenn  in 
orchids,  but  it  is  evident  that  the  little  or  no  endosperm  of  this  family 
must  be  referred  to  other  causes.  It  may  be  accurate  enough  for 
taxonomic  purposes  lo  say  "no  endosperm"  in  the  orchids,  as  in 
a  recent  manual  (42),  but  it  is  not  an  exact  statement. 

Distinct  paternal  and  uatkrnal  chsomosoues. — Some  impor- 
tant evidence  on  this  much-discussed  question  was  obtained.  This 
condition  was  first  reported  in  plants  by  Kruch  (30),  who  worked  with 
the  liverwort,  Riella  Clausonis;  but  at  that  time  (1891)  it  attracted 
little  attention  and  seems  to  have  been  entirely  overlooked  by  later 
workers.  ICruch  showed  the  sperm  entering  the  egg  and  segmenting 
in  the  upper  part  of  the  cytoplasm,  while  the  chromatin  of  the  egg- 
nucleus  segments  near  the  center,  each  showing  eight  chromosomes, 
and  the  nuclei  were  not  even  in  contact.  Blackuan  (3),  working 
with  Pinus  sylveslris,  figured  two  groups  of  chromosomes  in  the  first 
division  of  the  fertilized  egg  and  says:  "there  can  be  little  doubt  that 
these  bodies  arc  really  the  chromosomes  of  the  two  (male  and  female) 
nuclei."     In  his  sunmiary  he  makes  the  positive  statement  that  they 
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are  the  chromosomes  of  the  male  and  female  nuclei.    Chahbeklain 
(15)  in  PinusLarido  finds  that  "the  chromatic  appears  as  two  dis- 
tinct masses  in  the  spirem  stage.     Perhaps  segmentation  of  the  two 
spirems  occurs  while  they  are  still  separate,"     MniuuLL  (32),  work- 
ing with  Tsuga  canadensis,  says:    "The  chromatin  of  each  (sperm 
and  egg)  nucleus  collects  in  the  form  of  a  thick  knotted  thread  near 
the  center  of  the  separating  partition,  and  the  two  masses  remain 
distinct  until  the  spirem  band  begins  to  segment."     Miss  Ferguson 
(20),  using  Pinus,  finds  "  two  groups  distinct  at  time  of  segmentation 
of  spirem  and  can  still  be  made  out  during  early  development  of 
chromosomes;  but  cannot  be  when  they  are  being  oriented  on  the 
nuclear    plate."     Recently  Habper   and    Blackman    have    shown 
interesting  features  in  some  of  the  fungi  that  seem  to  be  related  to 
this  independence  of  chromosomes.    Harper  (27)  has  shown  in 
Phyllactinia  that  "the  material  of  each  chromosome  is  in  permanent 
coimection  with  the  central  body  throughout  the  stages  of  nuclear 
fusion  and  the  resting  condition,  as  well  as  in  mitosis."    Blaceuan 
(I)  says  that  rusts  which  h-*"-  **"*  "'-^'i'''''  ■=»<."-  i^"™  +""»  n„^i»;  ;« 
all  cells  from  the  aecidiosp 
fuse  in  the  teleutospore  and 
spores  the  cells  are  uninu 
working  with  roots  of  Alliu 
imite  to  form  a  continuous  s 
distinct  bodies. 

In  my  material,  as  show 
the  fertilized  egg  nucleus  ai 
spirems  in  all  the  nuclei  cnt 
48,  51,  5j),  In  one  insta 
so  that  the  threads  were  q 
(fig-  47)-  Spirems  as  far  i 
chromosomes  without  fusin 
separately,  it  would  seem  p 
resting  stage  two  separate 
who  has  tried  to  trace  a  sf 
it  would  be  to  trace  two  of 
and  as  no  one  expected  to  fi 
found  distinctly  separated. 
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division  of  ihe  sporophyte,  why  might  it  not  be  trae  of  all  the  mitoses 
in  the  sporophyte  generation  ?  This  would  make  half  of  the  chromo- 
somes paternal  and  half  maternal  in  every  sporophyte  cell.  Thus  in 
the  mother  cell  two  spirems  would  be  formed  as  usual,  but  here 
they  would  pair  and  fuse  more  or  less  completely  in  synapsis.  K 
there  arc  two  phenomena  in  fertihzation — stimulus  to  growth  and 
the  mingling  of  ancestral  quahties— only  the  first  would  be  felt  in  the 
sporophyte.  The  mother  cell  would  give  the  opportunity  for  the 
second  during  the  fusing  of  the  pairs  of  threads, 

The  chromosomes  of  the  fusing  nuclei  are  often  arrai^ed  in 
groups,  and  while  these  may  not  be  definite  enough  to  be  positive 
evidence  for  distinct  chromatin  if  taken  by  themselves,  they  are  not 
only  very  su^estive  but  appear  as  distinct  as  the  position  of  the 
nuclei  in  the  spirem  stage  would  lead  one  to  expect  {iigs.  51,  54). 
In  a  form  in  which  the  paternal  and  maternal  chromosomes  differ, 
proof  could  be  obtained;  but  even  in  Cypripcdium,  in  such  groups 
as  those  shown  in  figs.  51-54,  the  chromosomes  are  evidently  of 
separate  spirems.  This  seems  very  dear  when  these  figures  are 
studied  in  connection  with  those  showing  the  spirems  (figs.  42,  4j, 
44,  47,  48,  51,  53).  The  groups  are  just  about  as  distinct  as  would 
be  expected,  for  the  nuclei  usually  overlap  slightly  in  the  spirem 
stage. 

Synapsis.— Berghs  (3,4,5),  Grxgory  (24),  Cajidiff  (10),  and 
others  have  recently  discussed  synapsis  and  the  stages  leading  up  to 
and  following  this  condition.  It  seems  to  be  clearly  established  that 
in  the  forms  studied  by  these  authors  there  is  a  gradual  pairing  of  the 
threads,  beginning  with  the  first  su^estion  of  synapsis.  The  two 
threads  are  apparently  united  into  a  single  thread  by  the  time  the 
nucleus  comes  out  of  synapsis.  During  synapsis  itself  and  in  early 
stages  of  the  recovery  from  this  condition  some  traces  of  the  double 
nature  of  the  thread  are  often  seen,  and  the  heterotypic  chromosome 
is  formed  from  this  doubled  thread.  These  stages  were  well  shown 
in  my  material  {figs.  2-1 1).  Berghs  sees  in  this  a  device  for  reducing 
the  number  of  chromosomes,  but  it  may  also  furnish  the  opportunity 
for  mixing  of  parts,  or  transfer  of  substance,  or  influence  from  the 
paternal  and  maternal  chromosomes  that  have  remained  distinct 
throughout  the  sporophyte  stage.    Cardiff  (10)  thinks  the  position 
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of  the  synaptic  kBOt  may  be  due  to  gravity.  This  does  not  seem  to 
be  true  in  Cypripedium,  for  the  knot  was  found  at  all  possible  posi- 
tions next  the  nuclear  membrane  in  serial  sections  of  the  same  ovary, 
and  even  in  the  same  section.  This  was  not  only  true  for  cross-sections, 
but  also  for  longitudinal  sections  in  which,  since  the  ovary  stands 
erect,  gravity  effects  ought  to  be  apparent,  Buslingaue  (6a)  has 
reached  this  same  conclusion  in  his  study  of  Ophioglossum. 


1.  In  Cypripedium  two  cells  are  formed  by  the  mother  cell,  a  wall 
not  appearing  in  the  second  division,  even  in  the  rare  instances  in 
which  the  nuclei  of  both  daughter  cells  divide.  Two  megaspore 
nuclei  are  used  in  forming  the  embryo  sac,  the  Liliiun  type  using  four, 
and  most  angiosperms  only  one.  The  two  megaspore  nuclei  in  the 
sac  of  Cypripedium  and  the  four  in  that  of  Liliiun  may  be  related  to 
double  fertilizatiot). 

2.  Cypripedium  has  only  four  nuclei  in  the  completed  embryo 
sac.  The  LiUura  type  and  C>'pripedium  have  the  fewest  divisions 
from  mother  cell  to  egg  reported  among  angiosperms.  A  comparison 
with  the  animal  e^  shows  only  one  more  division  from  the  mother 
cell  to  the  egg  in  Lilium  and  in  Cypripedium  than  in  the  maturation 
of  the  animal  egg. 

3.  So-called  double  fertilization  is  probably  constant  in  Cypripe- 
dium, The  primary  endosperm  nucleus  (triple-fusion  nucleus)  is 
formed  by  the  fusion  of  the  polar,  one  synergid,  and  one  tuale  nucleus. 
Endosperm  of  four  nuclei  was  foimd  and  the  probability  of  other 
divisions  taking  place  was  noted. 

4.  In  the  presynaptic  nucleus  there  is  an  evident  pairing  of  the 
threads,  probably  of  paternal  and  maternal  origin.  The  gameto- 
phyte  number  of  chromosomes  is  eleven,  the  sporophyte  number  is 
twenty-two,  and  the  endosperm  number  is  probably  thirty-three. 
Distinct  spirems  were  often  foimd  in  all  fusing  nuclei,  forming  in  one 
iastance  before  contact.  From  these  examples,  the  possibility  of 
two  spirems  always  formii^  in  the  sporophne  nucleus  is  suggested; 
this  would  secure  the  independence  of  the  chromatin,  and  the  fusing 
in  synapsis  would  permit  whatever  exchange  and  mingling  of  parts 
there  may  be. 
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This  research  was  carried  on  under  the  direction  of  Professors 
John  M.  Coulter  and  Charles  J.  Chamberlain. 
Bavlob  Uotvebsity 
W«co,  Texas 
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EXPLANATION  OF  PLATES  XXIV-XXVn 

All  figures  were  made  with  Bauscb  and  Lomb  camera  ludda;  ^gs.  31  and 
46  with  Leitz  no.  3  ocular  and  no.  7  objective;  figs.  6j  and  ds  widi  no.  4  ocular 
and  no.  7  objective;  all  others  with  Leitz  no.  4  ocular  and  B.  and  L.  Vi  objective; 
details  were  filled  in  with  a  Zeiss  apocbromatic  ocular  and  a"^  objective. 

The  abbreviations  used  are  as  follows:  c,  chalazal  daughter  cell  and  nucleus; 
e,  egg;  em,  embryo;  end,  endosperm;  g,  generative  nucleus;  gc,  generative 
ceU;  M,  micropylar  daughter  cell  and  nucleus;  meg,  megaapore  nucleus;  p, 
polar  nucleus;  pe,  pirimary  endosperm  nucleus;  s,  syncrgid;  (,  tube  nucleus; 
i,  male  nucleus. 

PLATE  XXIV 

Fig.  I.  C.  spedabile.    Ovule  with  mother  cell  in  synapsis. 

Fig.  2.  C.  parvifloruM.  Mother  ceU  with  well-organized  spirem  showing 
distinct  chromomeres. 

Fig.  3,  C.  spectdbiU.  Nucleus  of  mother  cell,  with  a  few  threads  showing 
beginning  of  pairing. 

Fig.  4.  C,  candidum.  Pairing.of  threads  very  evident  throu^out  the  nucleus, 
but  only  a  few  threads  shown. 

Fig.  5.  C.  speclabiit.    Synaptic  knot  forming;    pairing  of  threads  evident. 

Fig.  6.  C.  parvifiorum.  Synaptic  knot  further  advanced;  threads  in  pairs 
and  seemingly  attached  in  places  to  nuclear  membrane. 

Fig.  7.  C.  pubesoMs.     Synaptic  knot  complete. 

Fig.  8.  C.  specUibUe.  Recovery  from  synapsis;  lines  of  cytoplasm  suggest 
multipolar  spindle. 

Fig.  9.  Same-  Shortening  of  thread;  double  nature  evident  at  cut  ends; 
lines  of  cytoplasm  probably  related  to  spindle  formation. 

Fig.  10.  C.  pubescens.     Chromosomes  formed. 
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Fig,  II.  Same.     Ovule  with  mother  cell  in  late  prophase  or  in  metaphase; 
origin  of  spindle  indicated  by  lines  of  cytoplasm. 

Fig.  la.  Same.    Eleven  chromosomes. 

Fic.  13.  C.  spKlahUis.    Eleven  chromosomes. 

Fig.  14.  Same,    Wall  cell  of  oviile  showing  twenty-two  chromosomes  (sporo- 
[Ayte  number). 

Fig.  15.  C.  piibes4XHS.    Typical  spindle  of  mother  cell. 

Fig.  16.  C.  specUibiU.    Dau^ter  cells  formed  by  division  of  mother  cell. 

Fig.  17.  C.  pubescens.    Dau^terceUs,  with  chalazal  nucleus  farther  advanced 
than  the  micropylar. 

Fic.  18.  C.  spKlabik.    Suggestion  of  bipolar  spindle. 

Fig.  19.  Same.    Metaphase  of  second   division,   longitudinal  splitting  of 
chromosomes. 

Fig.  ao.  Same.    Telophase  of  chalazal  daughter  cell;  no  indication  of  wall. 

Fig.  ai.  C.  parvifierum.     Division    of    chalazal   daughter  cell    complete; 
remains  of  spindle,  but  no  evidence  of  wall. 

Fic.  aa.  C.  spectabiU.    Micropylar  daughter  nucleus  developing  and  the 
chalazal  one  disintegi 

Fig.  2^.  C.  pan 
slightly  enlarged  and 

Fig.  a4-  C.  spect 
nuclei;  micropylar  d 

Fic.  as-  Same, 
daughter  cell  still  pei 

Fig.  a6.  Same. 


Fig.  a7.  Same. 

Fig.  a  8.  Same, 
in  late  telophase. 

Fig.  ag.  C.  parv 
apparatus  and  "pola; 

Fig.  30.  Same. 
end. 

Fig.  31.  Same. 

Fic.  3a.  C.  spea 
position. 

Fig.  33.  Same, 
division. 

Fig.  34-  C  purv. 
the  inner  pair  the  lal 

Fig.  35.  C.  speeh 
but  no  trace  of  wall. 
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Fto.  36.  Same.  Pollen  gnin;  early  sptran  for  divisicio  to  tube  mnd  genen- 
tive  nuclei. 

Fig.  37.  Same.    Later  stage;  "cap"  Stowing  orienlatioD  of  si»nclle. 

Fig.  38.  Same.    Pollen  grain  ahowing  devm  duomoeomes. 

Fio.  39.  Same.    T^phase;  wall  formiiig. 

Fig.  40.  Same.  Wall  completed;  a  chromosome  omitted  in  the  organiza- 
tion of  one  of  the  nuclei. 

Fio.  41.  Same.    Pollen  grain  dcveloiHng  tube. 

Fig.  43.  C.  pofvifiomm.    Pollen  tube  within  the  eml»yo  sac. 

Fig.  43.  C.  speetabik.    About  same  stage  as  ^g.  42. 

Fig.  44.  Some.    Earlier  stage;  tube  witbm  sac  and  one  synergid  below  it 

FIATE  xxri 

Fig.  45-  C.  parvifiorum.    Double  fertilization. 

Fio.  46.  Same.  Ovule  with  tube  just  entering,  having  passed  from  ovary 
wall  to  micropyle. 

Fig.  47.  Same.    Spirems  formed  in  all  the  fusing  nuclei  before  contact.    - 

Fig.  48.  Same.  Spirems  of  male  and  female  nuclei  farther  advanced  than 
of  the  nuclei  to  engage  in  the  triple  fusion. 

Fig.  49.  Same.    Pollen  tube  entering  sac;  mak  nuclei  ebngated  and  curved. 

Fig.  50.  C.  speclabiit.  Pollen  tube  unusually  broad;  one  male  nucleus  some 
distance  behind  die  other. 

Fig.  51.  C  paruifiorum.     Segmentation  of  egg;  two  groups  of  chromosomes. 

Fig.  53.  C.  sptctahile.    S^mentation  of  egg;  two  groups  of  chromosomes. 

Fig.  53.  C.  parvifiorum.  Male  nucleus  and  egg  just  in  contact;  late  prophase 
of  primary  endosperm  nucleus,  which  shows  thirty-three  (approximately)  chromo- 
somes in  three  groups. 

Fig.  S4-  Same.  Two-celled  embryo;  primary  endosperm  nucleus  in  late 
protease  and  showing  three  groups  of  chromosomes. 

PLATE  XXVII 

Fio.  55.  Same.  Spindk  forming  for  division  of  primary  endosperm  nucleus; 
three-  or  four-celled  embryo. 

Fio.  56.  Same.  Telophase  of  division  of  primary  endosperm  nucleus;  wall 
forming. 

Fig.  57.  Same.    Endospenn  of  two  nuclei  and  a  two-celled  embryo. 

Fig.  58.  Same.    Endospenn  of  four  nuclei. 

Fig.  59.  Same.  Embryo  well  advanced;  triple-fusion  nucleus  still  distinct 
but  in  the  resting  stage. 

Fig.  60.  Same.    Older  embryo;  triple-fusion  nucleus  m  spirem  stage. 

Fic.  61.  Same.  Embryo  of  several  cells;  nuclei  of  the  triple  fusion  not  yet 
in  contact. 

Fio.  61.  Same.  Much  older  embryo;  probably  a  trifde-fusion  nucleus,  but 
no  evidence  of  divisbn. 


>v  Google 


GERMINATION  OF  SEEDS  OF  WATER  PLANTS 
CONTRIBUTIONS  FROM  THE  HULL  BOTANICAL  LABORATORY  IO4 

WlLLIAU    CBOCEEB 

Various  botanists  have  noticed  peculiarities  in  the  gennination  of 
the  seeds  of  water  plants.  Muller"  found  that  the  seeds  of  Eich- 
homia  and  Heteranthera  do  not  germinate  without  first  being  desic- 
cated, and  LtJDWiG'  demonstrated  this  for  the  seeds  of  Mayaca 
fluviatilis.  In  commenting  upon  this  PrEFFEE  says:*  "Nor  is  it 
certain  whether  Bbaun  and  Muller  are  correct  in  assuming  that 
previous  drying  is  essential  for  the  further  development  of  Chlamy- 
domonas  or  for  the  germination  of  the  seeds  mentioned."  Dr. 
LAfTD,  of  this  laboratory,  informed  me  in  the  autumn  of  1906  that  he 
had  made  various  attempts  to  secure  seedlings  of  Sagittaria  and 
Alisma  for  class  use,  but  had  always  failed  except  in  one  trial  with 
Sagittaria.  In  that  case  a  number  of  seeds  grew  after  being  left  for 
a  long  period  on  wet  soil  in  a  hot  greenhouse.  At  that  time  I  began 
looking  into  the  cause  for  the  failure  to  germinate  and  had  arrived  at 
the  main  conclusion  of  this  paper  when  an  article  by  Fischer* 
appeared  on  the  subject. 

The  main  points  of  Fischer's  paper  may  be  stated  briefly:  The 
seeds  of  Alisma  PlatUago,  Polamogelon  lucens,  P.  pectinalus,  Hip- 
purus  vttlgaris,  Polygonum  amphibium,  Scirpus  lacustris,  S.  maritimus, 
Sagittaria  plalyphylla,  S.  sagittijolia,  s.'oA  SparganiumnimosumraaLyh^ 
kept  for  years  in  water  that  is  free  from  fermentation  without  genni- 
nating.  If  fermentation  is  set  up  in  the  water,  germination  soon 
begins.  Gennination  can  also  be  brought  about,  especially  in 
S 
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day  gennination  was  well  started,  as  shown  by  the  length  of  the 
cotyledons  and  their  response  to  gravity.  In  two  days  the  growth 
was  very  marked. 

It  might  be  urged  that  breaking  the  coats  leads  to  increased  oxygen 
supply  and  for  that  reason  brii^  about  germination.  This  is  not  at 
all  probable  for  two  reasons:  first,  increased  oxygen  pressures  never 
bring  about  germination  when  the  coats  are  intact;  and  second, 
these  seeds  require  very  little  oxygen  for  gennination.  If  the  coats 
are  ruptured,  they  will  germinate  if  placed  in  water  that  has  been 
previously  boiled  and  co\'ered  with  liquid  paraflfin.  That  the  coats 
hinder  germination  by  limiting  the  water  supply  is  made  evident 
by  the  fact  that  the  cotyledon  begins  to  project  beyond  the  coat  very 
soon  after  the  latter  is  ruptured.  In  this  experiment  it  seems  impos- 
sible to  justify  the  assumption  that  the  protoplasm  is  in  a  dormant 
state  or  that  the  application  of  any  external  ions  are  necessary  to 
start  germination. 

It  is  of  interest  to  determine  what  structures  surrounding  the 
embryos  limit  the  water  absorption.  In  Sagittaria  and  Alisma  there 
is  an  outer  husklike  cxocarp  and  an  inner  hard  endocarp.  The 
removal  of  the  cxocarp  did  not  increase  the  per  cent,  of  germination, 
provided  the  endocarp  was  not  injured  in  its  removal.  In  Eich- 
homia  the  embryo  is  surrounded  by  a  rather  thick  endosperm  which 
is  covered  by  a  hard,  fluted,  brown  seed  coat.  If  the  coat  is  broken 
at  the  side,  it  leads  to  a  rather  slow  germination  of  over  50  per  cent, 
of  the  seeds.  If  the  coats  are  ruptured  where  the  cotyledons  naturally 
push  out  and  where  they  lie  very  near  the  coats,  nearly  100  per  cent, 
germinate  with  remarkable  promptness.  This  leads  one  to  conclude 
that  the  hard  coat  chiefly  limits  water  absorption,  but  that  the  endo- 
sperm too  retards  it.  In  the  Potamogetons  it  is  the  hard  stony  coat 
that  limits  water  absorption. 

If  the  seeds  of  Sagittaria  or  Alisma  are  run  through  a  coffee  mill, 
set  rather  close,  and  are  then  placed  in  water,  a  large  per  cent,  will 
grow.  This  breaks  the  seed  coats  without  a  very  marked  injury  to 
the  embryos.  These  seeds  will  also  germinate  after  considerable 
time  if  planted  in  rich  humus  that  is  decajnng  by  reason  of  abundant 
moisture  and  high  temperature. 

In  the  light  of  the  work  of  Muller  and  Fischer  two  questions 
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demand  answer.  How  does  a  period  of  desiccation  bring  about  the 
germination  of  the  seeds  of  Eichhomia  as  shown  by  MtJLLER,  or  of 
Potamogeton  as  shown  by  Fischer?  What  was  the  r61e  of  the 
bases  and  acids  in  Fischer's  experiments?  My  experiments 
indicate  that  drying  followed  by  soaking  causes  a  considerable 
per  cent,  of  the  coats  of  Eichhomia  to  crack  along  the  flutings,  while 
it  causes  the  rupture  of  the  coats  of  Potamogeton  along  two  creases 
that  lie  at  the  convex  side  of  the  embryo.  Just  how  the  bases  and 
acids  work  has  not  yet  been  determined.  That  Fischer  is  wrong  in 
assuming  that  they  arouse  the  dormant  protoplasm  is  evident,  for  I 
have  shown  that  the  embryos  respond  to  ordinary  germinatiTC  con- 
ditions almost,  if  not  quite,  as  readily  as  any  embryos  to  be  found. 
The  action  that  causes  the  germination  must  evidendy  be  upon  the 
structures  surroimding  the  embryos.  That  H*  and  0H~  ions, 
as  well  as  many  others,  may  increase  somewhat  the  rate  of  growth 
of  the  naturally  rapid-growing  embryos,  is  not  at  all  improbable. 
The  fact  that  the  coats  showed  no  visible  change  when  treated  with 
adds  and  bases  does  not  indicate  that  the  coats  were  not  radically 
changed.  I  have  found  that  the  impermeable  coats  of  many  of  the 
seeds  of  the  Leguminosae  are  made  permeable  by  soaking  them  in 
absolute  alcohol,  and  yet  no  change  visible  with  the  microscope 
appears.    Experiments  are  being  conducted  now  to  determine  the 
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exact  effect  of  adds  and  bases  upon  the  seed  coats  and  embryos  of 
these  seeds,  as  well  as  to  determine  in  detail  various  other  points 
connected  with  this  problem, 

I  wish  to  em^diasize  again,  us  I  have  done  already  in  the  paper 
cited,  the  fact  that  delayed  germination  or  failure  to  germinate  is 
more  generally  due  to  seed-coat  effects  (limiting  or  entirely  excluding 
water  or  oxygen  supply)  than  to  embryo  characters,  as  has  generally 
been  assumed.  On  the  other  hand,  in  the  same  paper,  I  have  shown 
that  the  failure  of  the  seeds  of  liawthoms  to  grow  under  ordinary 
gcrminative  conditions  is  due  to  embryo  characters,  and  I  ha\-e  further 
stated  that  other  seeds  probably  beloi^  to  this  category.  If  seed 
coats  play  such  an  important  part  in  failure  to  germinate,  it  is  probable 
that  spore  coats  act  similarly  in  many  cases.  This  hypothesis  is  now 
being  tested. 

The  Umverstty  or  CmCACO 
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Miss  Eastwood  in  connection  with  the  original  description  being  probaUjr 
N.  peduncuiata  Dougl.  This  opinion  was  ventured  in  my  revision,  thou^ 
at  the  time  that  was  written  the  Lower  California  locality  seemed  to  be  &r 
beyond  the  known  range  of  N.  fieduiuulaia,  which  had  not  been  fotud 
south  of  the  Santa  Inez  Mts.  Since  then,  however,  I  have  foimd  the  species 
at  Witcb  Creek,  San  Diego  County,  so  that  it  may  easily  range  into  Lower 
California. — Hasley  P.  Chandler. 


BRANCHING  SPORANGIOPHORES  OF  RHIZOPUS 
(with  one  figube) 
Ciurent  texts  agree  !n  stating  that  the  sporangiophore  of  R.  nigricans 
bears  a  single  sporangium.  For  ex- 
ample, Swingle  states'  that  "each 
sporangiophore  bears  a  single  spherical 
sporangium."  In  a  recent  culture  on 
bread,  some  two  weeks  old,  two  anom- 
alous conditions  were  observed  (jig.  i}. 
In  one  case,  by  two  successive  branch- 
ings, one  sporangiophore  bore  three 
normal  sporangia.  In  tbe  other  case, 
by  a  single  dichotomous  branching,  two 
sporangia  were  developed, — LeRoy  H. 
Harvey,  Yankton  College,  Yankton, 
S.D. 


Fig.  I. — Blanching  sporai^< 
pbores  of  Rhixopus. 


AN  UNUSUAL  METHOD  OF  VEGETATIVE  REPRODUCTION  IN 

DIONAEA  MUSCIPULA 

(with  one  figure) 

In  189a  I  described  and  illustrated  an  abnormal  development  of  the 
inflorescence  of  Dionaea.'  Two  years  ago  I  found  an  exactly  similar  kind 
of  grawth  in  a  number  of  plants  which  had  been  kept  in  pots  on  a  shelf 
next  to  the  glass  of  a  greenhouse  with  a  southern  exposure.  In  the  axils 
of  the  bracts  were  found  short  vegetative  branches,  each  with  a  number 
of  perfect  fly-traps  (jig.  i),  which  closed  when  any  of  the  six  hairs  on  their 
upi>er  surface  were  touched  twice  in  succession.  The  response,  however, 
was  of  the  most  sluggish  character.  The  plants,  when  full  grown,  were 
rather  crowded  together  by  the  arrangement  of  the  pots,  and  whether  this 

■  Bureau  PL  Industiy  BulL  37.  1903.  p.  15. 

1  Haeshbekc£s,  John  W.,  An  abnormal  development  of  the  inflortscence  of 
Dionaca.     Conlrib.  Bot.  Lab.  Univ.  Penn.  1:45-49.  pit.  5,  6.  1S92. 
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BOOK    REVIEWS 
Handbook  of  tr«es 

Many  attempts  have  been  made  to  bring  into  popular  form  such  descriptions 
of  our  trees  as  would  enable  the  amateur  to  recognize  the  various  species  at  differ- 
ent seasons.  It  has  remained  for  Mr.  RotcEYN  B.  HotrCH  to  produce  a  book  that 
adequately  accomplishes  this  laudable  purpose.'  But  it  does  much  more;  it 
brings  to  the  forester,  lumberman,  cultivator,  and  botanist  alike  such  a  compact 
and  comprehensive  portrayal  of  the  trees  of  the  northern  states  and  Canada  as 
has  never  before  been  at  his  service. 

As  publisher  of  the  well-known  American  woods,  Mr.  Hough  has  been  much 
in  the  field  and  has  thus  had  opportunity  to  make  the  notable  coUection  of  photo- 
graphs which  make  this  Handbook  unique.  He  has  not  been  satisfied  with 
photc^raphs  of  less  than  the  highest  quality.  Hb  pictures  of  leaves  and  fruits 
stand  out,  without  dbtracting  shadows,  on  a  background  ruled  in  i-inch  squares, 
showing  at  a  glance  the  relative  size,  whether  the  original  print  is  much  or  little 
reduced  in  making  the  fine  half-tones  for  the  book. 

Each  of  the  jo8  species  is  illustrated  by  a  full-page  plate  showing  a  bninchlet 
with  leaves  and  fruits,  the  latter  usually  dissected  to  show  the  seeds,  and  a  twig 
in  trinter  condition;  a  cut  about  axs  mches,  showing  a  medium-sized  trunk, 
with  the  nonnal  appearance  of  the  bark;  and  a  small  map  of  the  United  States 
and  British  America  showing  by  shading  the  distribution  of  the  spedes.  In 
many  cases  there  is  in  addition  a  cut  about  i  inches  square,  showing  a  thin  tram- 
veise  section,  magnified  15  diameteis,  which  would  often  enable  one  to  identify 
a  doubtful  piece  of  wood.  These  figures,  admirably  engraved  and  printed,  are 
set  on  two  facing  pages,  and  in  the  small  remainbg  space  there  is  a  letter-press 
description  of  the  species,  both  diagnostic  and  general.  At  the  end  there  are 
analytic  keys  and  a  glossary. 

We  cannot  think  of  an  item  which  would  contribute  to  greater  completeness. 
Everything  that  has  been  attempted  seems  to  have  been  well  planned  and  well 
executed.  The  basis  of  nomenclature  is  not  stated;  but  synonyms  in  "recent 
works"  are  given.  Of  course  much  depends  upon  the  accuracy  of  Mr.  Hough's 
identifications,  but'his  bug  experience  and  the  cooperation  of  other  dendrologists 
ought  to  insure  that.  The  book  may  be  commended  as  indispensable  for  public 
and  school  bltraries,  for  all  students  of  trees,  and  for  botanical  laboratories. 
Considering  the  labor  it  represents  and  the  wealth  of  illustration,  the  price  is 
reasonable.— C.  K.  B. 

•HoucH,  R.  B.,  Handbook  of  the  trees  of  the  northern  states  and  Canada  east 
of  the  Rocky  Mountains.  Photo-descriptive.  Svo.  pp.  x-f-470.  figs.  498.  Lowville, 
N.  Y.:  The  Author.  IS.oo. 
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the  iiicsoph}41,  whidi,  fae  says,  protects  the  leaf  from  further  hann  by  <xAA  and 
gtrta  by  retaining  the  water  (ceded  later  to  the  stems)  \o  facilitate  Ae  develop- 
ment of  buds  in  spring! 

The  most  voluminous  morpholopcal  paper  is  one  by  BuscAUOm  and  Tka- 
VZKSO  on  the  morphtdogical  evolution  of  the  flower  m  relation  to  the  chromatic  ero- 
lution  of  the  perianth.  They  seek  to  show  that  the  evt^ution  of  &>Tal  coloiutioa 
is  neither  due  merdy  to  insect  relatious  nor  is  it  moDophj^etic.  At  least  two 
lines  are  recognized,  one  characterized  by  the  dominance  of  the  zanthic  series,  the 
other  by  the  cyanic.  "Internal  causes"  primarily,  then  insect  viats  and  "other 
factors,"  have  been  the  agents  in  modifying  the  first  6owei5,  which  they  assume 
to  have  been  anemophitous — an  assumption  that  needs  defense.  Of  course  "in- 
herent causes"  is  simply  a  confession  of  defeat.  Hxnslow's  theory  (1893) 
came  to  their  attention  only  after  part  of  the  work  was  printed;  his  book  on  The 
erigtn  of  floral  slntaures  b  critically  discussed  in  an  appendii,  and  his  theoiy 
mildly  approved. 

The  volume  closes  with  official  reports  of  the  work  of  the  Royal  Cryptopmic 
Laboratory  of  the  Institute  in  1904  and  1905.  They  show  that  it  is  doing  good 
service  for  the  country  and  the  various  researches  indicate  the  activity  and  energy 
of  the  staff.— C.  R.  B. 

Pr^;res(  of  botanf 

In  the  second  part  of  the  first  volume  of  this  admirable  series,  Czapek  ^ves 
a  r&um£  of  the  progress  of  our  knowledge  of  the  nutritioQ  of  plants  smce  the 
publication  of  the  first  volume  of  Pfeffer's  Pkysiolcgie.^  By  his  interpretation 
ErtiAkntngsphysioiogU  covers  even  more  than  our  blanket-word  metabolism; 
for  be  discusses  the  mechanics  of  'all  the  eichanges  of  material  between  the 
plant  and  the  outer  world,  and  the  movement  of  water  and  foods  within  it,  as 
well  as  the  synthesis  of  foods,  their  assimilatiDn,  the  iton-plastic  products,  the 
ash  consrituents,  enzymes  and  cj^toxins,  respiration,  and  fermentation. 

To  do  this  within  114  pages  would  not  be  possible,  were  it  not  that  the  author 
can  refer  in  many  places  to  the  siunmary  already  prepared  in  his  Biochemie  der 
Pflamen.  It  must  be  remembered  that  a  reporter  sees  things  from  a  particular 
angle,  and  whUe  we  cannot  always  approve  the  point  of  view  occupied  by  this 
author  in  surveymg  the  field  of  research,  we  do  recognize  his  synopsis  as  com- 
prehensive and  complete.  It  is  especially  useful  in  its  inclusion  of  investiga- 
tions carried  on  in  eastern  and  southeastern  Europe,  that  unfortunately  are  too 
often  overiooked  by  the  more  western  peoples,  either  through  carelessness  or 
unfamiliarity  with  the  Slavic  languages. 

So  much  is  included  m  Czapek's  summary  that  would  hardly  be  expected 
even  from  the  topics  named,  that  it  behooves  every  physiologist  to  read  this 
paper  and  have  it  at  hand  for  reference. — C.  R.  B. 


i  CzAFEK,  Fkiedkich,  Die  Emahrungsphysiologie  der  Pflanzen  seit  1S96. 
Progressus  Rei  Botanicae  (ed.  J.  P.  LOTSV)  1:417-533.  Leipzig:  Guitav  Fischer. 
1907.     Per  volume,  M  iS. 
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MINOR    NOTICES 

Gulf  biologic  atation.— This  station  vas  established  in  1903  by  the  state  of 
Louisiana  at  the  mouth  of  the  Cameron  River.  The  region  is  about  at  sea4evel 
and  practically  treeless,  the  station  itself  bebg  on  a  ridge  running  parallel  to 
the  sea  and  traversing  a  salt  marsh.  The  plants  of  thb  very  interesting  locality 
have  been  published  in  a  catalogue  prepared  by  R.  S.  Cocks.*  In  addition  to 
the  list  of  species  of  the  immediate  vicinity,  there  are  notes  on  certain  species 
of  the  prairie  region  of  southwestern  Louisiana. — J.  M.  C. 

Dob  Pfluizenreich.i — Part  39  contains  the  Erythroxylaceae  hy  O.  E.  Schuu. 
After  the  usual  preliminary  account  of  litemture,  general  characters,  anatomy, 
geographical  distribution,  etc.,  the  synopsis  of  the  family  is  presented.  Besides 
the  monotypic  genus  Aneukiphus,  the  family  contains  only  the  large  genus  Ery- 
throxylum,  which  is  credited  with  193  species,  41  of  which  are  described  as  new. 
The  author  breaks  up  the  genus  into  19  sections,  to  each  of  which  a  name  is 
given.— J.  M.  C.  i 

Key  to  tTMB  and  shruba. — CotJLTER  and  Dorneb*  have  published  a  con- 
venient untechnical  key  to  the  genera  of  trees  and  shrubs  of  Indiana  and  the 
neighboring  states,  based  chiefly  upon  leaf  characters.  A  previous  edition,  now 
exhausted,  was  restricted  to  the  forest  trees,  but  the  value  of  the  present  edition 
is  much  increased  by  includmg  the  shrubs.— ^J.  M.  C. 

NOTES  FOR  STUDENTS 
Headelian  inheritance. — Davenpost'  in  a  lecture  before  the  Washmgton 
Academy  of  Sciences  discussed  Mendelian  inheritance  in  the  light  of  his  studies 
on  poultry.  After  saying  that  "expectation  has  been  so  often  realized  that 
Mentiel's  law  has  gained  deserved  fame  as  the  most  important  law  of  inheritance 
yet  enunciated,"  he  proceeds  to  give  a  few  non-conformable  cases,  and  concludes 
that  there  must  be  some  more  inclusive  law.  Thb  he  calls  the  "law  of  potency," 
the  gist  of  which  may  be  given  in  his  own  words  thus:" Between  the  two  extremes 
of  equipotency  and  allelopotency  lies  the  great  mass  of  heritable  characteristics 
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MendelUn  expectation  upon  keener  uulysb  of  the  chancteristics  involved,  and 
it  seems  early  for  the  formulation  of  a  law  to  accommodate  exceptional  cases  until 
hypotheses  are  exhausted  for  making  them  confonn  to  laws  now  so  fully  demon- 
strated as  those  of  Mendel.  There  is  no  necessity  for  the  assumption  that  there 
is  an  all-inclusive  law  of  heredity,  and  it  seems  probable  that  there  may  be  a 
number  of  more  or  less  independent  laws  of  greater  or  less  inclusiveness  which 
separately  or  conjointly  may  exjJain  eadi  single  instance  of  inheritance.  Some 
evidence  exists  that  "variable  potency"  may  represent  a  fact,  but  so  far  as  the 
evidence  goes,  this  fact  is  of  much  smaller  significance  than  the  segregation  of 
pure  gametes.  Indeed  it  is  conceivable  that  variations  in  potency  may  be  due 
to  se^'eral  or  many  different  causes,  and  that  it  does  not  represent  a  sufficiently 
unified  series  of  phenomena  to  warrant  its  designation  as  a  law. 

CooE^  in  discussing  Davenpokt's  lecture  attempts  to  classify  various  methods 
of  descent,  and  limits  "Mendelism"  to  cases  of  complete  dominance,  quite 
ignoring  the  feature  of  Mendelism  now  everywhere  reoignized  as  the  most  impor- 
tant, namely,  the  segregation  of  pure  gametes.  In  the  literature  of  Mendelism 
valid  explanations  of  phenomena  have  been  given  belonging  to  most  of  Cook's 
categories,  and  it  seems  not  unlikely  that  Mendetian  explanation  will  be  found 
sooner  or  later  for  the  greater  part  of  the  phenomena  which  Cook  classes  under 
polar  inheritance.  The  classification  as  well  as  the  whole  paper  is  academic 
and  represents  ihukable  conditions  rather  than  actual  ones.  He  attributes 
polar  inheritance,  except  in  the  case  of  dimorphic  and  polymorphic  species,  to 
naxTow  breedmg,  but  this  assumption  b  as  yet  unsupported  by  experimental 
evidence.  The  paper  is  full  of  misconceptions  and  misstatements,  the  reckless- 
ness  of  which  b  m  places  startling  and  amusing.  "Elementary  species"  (p,  306) 
are  wrongly  defined  as  the  different  kinds  or  castes  of  dimorjAic  or  polymor^c 
species,  and  "heterozygote"  (p.  an)  b  incorrectly  limited  to  those  heterozygotes 
which  dbplay  novelties,  i.  e.,  characters  not  found  in  the  parents.  The  tend- 
encies of  the  author  to  construct  a  peculiar  terminology  to  represent  hb  tbou^t 
rather  than  follow  accepted  usage  b  shown  in  the  use  of  "conjugate"  with  the 
same  meaning  as  the  word  "zygote,"  now  universally  adopted  by  experimenters 
in  thb  field.  Failing  to  grasp  the  possibility  that  any  character  may  be  made 
up  of  two  or  more  factors,  he  is  led  to  the  startling  conclusion  (p.  aao)  that  it 
b  possible  for  geim  ccUs  to  transmit  characters  for  many  generations  without 
bringing  or  tending  to  bring  them  into  expression,  and  that  the  Meodelian  "laws 
of  disjunction,"  "purity  of  gametes,"  "alternative  inheritance,"  or  whatever  they 
may  be  called,  become  at  once  superfluous  and  inadequate. 

His  statements  regarding  mutations  are  all  academic  and  mostly  without 
any  experimental  support.  Thus,  he  says  (p.  199),  "If  the  narrow  breeding  be 
carried  on  with  persistence,  mutative  reactions  toward  greater  diveisity  will 
appear,  and  these  sudden  deviations  from  an  established  heredity  are  even  more 

*  Cook,  O,  F.,  Mendelism  and  other  methods  of  descent.  Proc.  Wash.  Acad. 
Sd.  9:180-340.  1907. 
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ajo&on  give  tfae  luune  "Hanunpospenneae."     To  this  hypodKtkxl  poop  the 
Bemtettitala  uc  tdated,  bat  an  qwdalind  in  tfacir  own  way. 

Tbe  living  anpospmns  mcwt  nearijr  telaUd  to  the  ' '  Hanangiospemwc " 
are  tbe  Raoalca,  cspedaDr  the  Magnoiiaoeae,  whose  probable  primitiic  postioo 
has  begun  to  force  iladf  upon  tbe  attention  of  morphotopsts  ever  sinu  Whxand's 
studies  of  Bconettitales;  and  from  this  same  Ranales  [dezm  tbe  moaocorrf^doos 
probaU;  diTetged.  The  mooopfajletic  origjn  of  angiospenns  is  maintained,  bat 
to  (be  reviewer  it  aecms  altogether  probable  Aat  while  a  simple  stiobilus,  like 
that  of  BcnneUitales,  resulted  in  sncfa  a  flower  as  that  of  tbe  Ranales,  a  oompoond 
stroUlus,  like  that  of  the  Gnetalo,  may  have  nsulted  in  sudi  an  inflmescetux  as 
an  amenL 

An  inevitable  suggestion  is  that  the  pteridospenns  developed  in  tbe  Mcsoicw: 
by  two  distinct  methods:  (i)  by  sporopfa)1ls  aggrv^ted  into  mooosporan^ate 
■trobili  leading  to  the  modern  qrcads;  (2)  by  both  kinds  of  sporophylls  massed 
into  one  amphisporangiate  strobilus,  as  in  Bennetti  tales. 

The  paper  contains  many  interesting  and  suggestive  details  which  cannot 
be  mentioned  hoc,  and  it  bcinp  together  in  every  usefid  form  views  which  have 
been  working  like  leaven,  but  which  had  not  been  ex[Mcssed. 

Another  paper  dealing  with  the  method  of  origin  of  angiospenns,  lathci 
than  with  thdr  phylogeny,  is  that  by  CooiL.'"  It  is  a  theoretical  discussion  of 
the  possiUlity  of  angiospenns  arising  directly  from  liverworts,  such  as  Antfaoceros, 
tbrou^  tbe  persistent  aposporous  deveiopment  of  the  prothallia,  which  serve 
"as  means  of  attachment  for  tbe  young  [dant  during  its  embryonic  stages." 
"Apospory  need  not  interfere  with  the  formation  of  sex  cells,  nor  with  the  continu- 
ation of  truly  serual  methods  of  reproduction."  It  seems  that  in  thb  dimination 
of  spores  "mitapos"  is  simply  deferred  to  later  generations  of  cdls,  in  angio- 
spenns being  carried  over  into  the  aposporous  female  prothallium.  From  an 
Anthoceros  capsule  an  an^osperm  with  two  cotyledons  could  be  derived;  and 
then  a  many-4eaved  stem  could  be  built  up  by  the  successive  addition  of  "meta- 
mers."  The  elimination  of  megaapores  in  the  life-history  of  angiosperms  results 
in  such  new  mterpretations  of  structure  that  the  reviewer  must  confess  he  b  unaUe 
to  follow  the  discussion.  For  example,  "the  part  of  tbe  angiosperm  which,  in 
the  present  view,  mi^t  correspond  to  the  prothallus  itsdf,  is  the  nucdlus.  And 
even  this  relation  would  not  be  direct,  for  the  nucellus  of  the  angiosperms  ml^t 
not  be  homologous  with  the  nucellus  of  the  conifers  and  cycads,  which,  if  current 
interpretations  are  correct,  is  more  analogous  to  the  placenta  of  the  mamrrtal  than 
to  an  aposporous  prothallus."  Also,  "the  gymnosperms  may  be  supposed  to 
have  the  ovules  and  seeds  naked  because  they  are  still  borne  in  an  endosperm 
which  corresponds  to  the  primitive,  vegetativdy  functional  prothallus,  thou^  it 
now  remains  attached  to  the  much  more  highly  developed  douUe-celled  structure 
which  corresponds,  in  turn,  to  the  capsule  of  the  liverwort  and  the  moss,  the 

"•  Coos,  O.  F.,  Oripn  and  evolntioD  of  anglospenni  through  apoqjoy.  Pioc. 
Wash.  Acad.  So.  9- 159-'78-   iijo?- 
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frond  of  the  fem,  and  the  leafy  axis  of  the  dub  moss."  When  revotutionaTy  ideas 
are  combioed  with  evident  lack  of  familiarity  with  the  stnictures  under  discussion, 
it  b  no  wonder  that  confuaioD  is  the  result. — }.  M.  C. 

Derelopment  of  heterotypic  chromoMmes. — Two  years  ago  Mottieb  pub- 
lished a  preliminaiy  account"  of  his  views  as  to  the  development  of  the  hetero- 
^pic  chromosomes  in  pollen  mother  cells,  and  the  full  paper  has  just  now 
appeared."  Hb  paper  consists  of  two  parts:  first,  a  statement  of  the  results 
of  bis  studies  of  five  angiosperms  (Podophyllum  peilalitm,  Liitum  MartagoH,  L. 
candidum,  Tradescantia  virginica,  and  Gallonia  candicans);  and  second,  a  dis- 
cussion of  several  cytological  phenomena,  reviewing  the  work  of  previous  investi- 
gators and  giving  a  purely  theoretical  account  of  the  possible  relationships  of 
chromosomes  to  hereditary  characters. 

The  few  points  which  he  has  specially  emphasised  in  hb  own  studies  on 
these  five  forms  are  as  follows:  (i)  The  resting  nucleus  of  the  pollen  mother  cell 
coDsbts  of  a  linin  net,  the  ground  matrix  in  which  the  chromatui  b  held.  The 
chromatin  is  in  the  form  of  very  fine  granules  of  unifonn  size  or  in  larger  ^^re- 
gations  or  clumps  which  are  composed  of  smaller  granules.  (2)  In  synapsis  he 
has  not  found  a  union  of  two  spirems.  (3)  The  loose  or  hollow  spirem  which 
has  emerged  from  synapsb  b  of  the  double  nature,  which  he  believes  to  be  due 
to  a  new  longituduial  splitting  that  provides  for  the  second  division.  (4)  Seg- 
mentation of  thb  loose  or  hollow  spirem  into  chiomosomes  takes  place  during 
or  following  the  second  contraction  stage.  The  second  contraction  consbts  in 
the  arrangement  of  a  large  part  of  the  spiran  into  loops  that  tend  to  radiate 
from  a  loosely  entangled  central  mass  of  the  thread.  The  loops  are  formed  by 
the  approximation  of  the  parallel  portions  of  longer  tums  of  the  spirem.  Each 
loop  represents  a  bivalent  chromosome,  each  parallel  part  bemg  a  single  chromo- 
some. The  two  parallel  parts  or  chromosomes  are  arranged  tandem,  or  end  to 
end  in  the  spirem.  (5)  He  seems  to  emphasize  the  point  that  the  shortening 
and  thickening  of  the  spirem  occuis,  in  the  main,  after  segmentation  of  the 
spirem  into  chromosomes. 

Taking  hb  results  as  a  whole,  they  confirm  essentially  the  view  already 
advanced  by  Fabjcer  and  Moore,  Schaitner,  and  Strasbtirger.  Hb  theo- 
retical discussion  starts  from  thb  point :  he  has  never  found  the  number  of  chromo- 
somes to  be  represented  by  prochromosomes  in  presynaptic  stage;  all  identity 
of  such  bodies  b  lost.  He  thinks  granules  in  the  resting  nucleus  should  be  con- 
nected with  smaller  units,  the  pangens  (following  the  terminology  of  DeVries); 
and  with  a  purely  theoretical  consideration  of  the  pangens  and  their  relation  to 
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BmUhc  badt  u  in&M  o(  ecolofical  tjp«. — RAtTNKiA£B<>  tua  tcgajded  the 
world  of  fcgebUioD  from  a  Ktmewhat  new  view-^xHot,  and  tus  developed  aome 
ideas  that  seem  of  great  Talue.  Prevailmg  eodogical  classifications  have 
cMnmcmly  divided  vegetatioii  into  xeropbytk,  meaophytic,  and  hjnliophytic 
groups,  in  which  the  foliage  or^ns  have  been  the  dominant  element  RAmnoAQi 
rhinir*  that  the  most  rigorous  season  to  whidi  a  plant  is  subjected  is  the  one  which 
should  show  the  most  critical  ecological  structures.  Hence  be  proposes  a  new 
classification,',b8sed  on  resting  buds  and  other  organs  that  are  most  m  evidence 
in  rigorous  seasons.  On  this  basis  five  great  plant  classes  are  recogniKd: 
phanerophytes,  wboae  buds  aie  ooosiderablj  above  the  ground  (trees  and  ahiufas) ; 
diamepbytes,  whose  buds  aie  slightly  above  tbe  ground;  hcmicryptoiiijtes, 
vriujse  buds  are  at  tbe  ground  level;  ayptoi^ytcs,  whose  buds  are  hidden  m  tbe 
ground;  and  tbnopbytes,  whose  buds  persist  only  m  seeds  (annuals).  Tbe 
pbanerophytes,  especially,  may  be  mucb  subdivided:  according  to  size  into 
-  mega-,  meso-,  micro-,  and  nanoi^anerophytes;  accordingto  leaf-fall  habit  into 
evergreen  and  periodically  deciduous;  according  to  bud  structure  into  forms 
with  naked  or  scaly  buds.  ^Cbame^^ytes  may  have  stems  that  are  erect  b  fav<n- 
able  seasons,  or  stems  ^tbat  are  always  horizontal.  CiTptopbytes  are  divided  into 
geof^ytes,  belof^ytes  (marsh  plants),  and  hydrophytes;  geophytes  are  further 
subdivided  into  rliizome,  bulb,  root-tuber  geopbytes,  etc.  The  author  lemarics 
00  the  distribution  of  these  various  types  is  relation  to  soil  and  climate.  It  is  his 
idea  that  the  classification  'of  pUnt  formations  can  be  more  leadily  and  scientifi- 
cally accomplished  by  the  recognition  of  the  above  types  than  on  other  lines. 
The  reviewer  feeb  that  tbe'contribution  is  of  great  value,  and  that  periiape  Raitn- 
KUBR  has  given  us  the  most  practical  classification  of  vegetation  forms  we  yet 
have.  It  seems  a  pity,  however,  that  the  paper  b  cumbered  with  so  many  new 
terms.  For  instance,  why  say  therophyte  for  annual?  Too  often  good  ideas 
are  buried  under  a  ponderous  Greek  or  Latin  tenninology. — Henby  C.  Cowies, 
IHAotitozlc  valua  ofj  complete]  and  of  incomplete  foods. — Le  Rehabd'*  has 
undertaken  to  ascertain  how  PeniciUium  glaucum  can  grow  in  such  concentrated 
solutitms  of  the  salts  of  copper,'and*abo  how  the  resbtance  of  the  organism  to 
the  toxic  salt  b  modified  by  varying  conditions  of  nutrition.  The  majrimum 
concentration  of  four  salts  of  copper  (sulfate,  nitrate,  chlorid,  and  acetate)  which 
will  alloir  germination  in  tbe  presence  of  complete  and  incomplete  foods  has 
been  determined.  A  complete  food  contains  the  eight  essential  elements  accord- 
ing to  the  cmjMrical  formula  CftH„06■^NH«NOJ^-MgSO,^-KH,P04■^H,0. 
An  incomplete  food^b  one]  whose  corresponding  empirical  formula  b  deficient. 
Fully  one-balf  of  the  paper  b  devoted  to  literature,  general  biology,  and  physi- 
ology of  Penidllium,  together  with  a  bng  discussion  of  tbe  nature  of  toxicity. 

■>  Rauhkiaxk,  C-,  Types  biologiques  pour  la  g^ographie  botanique.  BulL 
Acad.  Roy.  Sci.  Lett.  Danemark  r905:347-437, 

u  Lb  Renakd,  Alt.,  Essai  aur  U  valeur  antitoxique  de  raliment  complet  et 
incomplet.  8vo.  pp.  r-ari.     Paris:  J.  Metsch.  19VJ. 
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The  author  draws  thirty  distmct  conduskina,  only  a  few  of  wfaich  can  be  noted 
faerc  A  mineral  salt  used  alone  in  normal  or  less  than  normal  concentration 
does  not  increase  the  resistance  of  the  fungus  to  copper  salts,  and  therefore  has  no 
antitoxic  value.  Carbohydrates  in  the  presence  of  a  suitable  mineral  salt  are 
antitoxic  to  an  extent  which  for  a  constant  quantity  of  that  salt  becomes  zero  at 
about  csntinormal  for  the  aldoses,  but  reaches  much  lower  for  the  ketoses  and 
faeioses.  The  antitoxic  action  of  a  food  seems  to  be  correlated  with  a  composi* 
tion  which  includes  a  suitable  carbon  compound  and  a  suitable  mineral  salt, 
imited  with  an  organic  or  a  mineral  add.  Such  a  combination  the  author  desig- 
nates a  "complex"  in  which  the  toxin  and  the  antitoxin  arc  present  in  proportions 
which  make  a  sim[^  ratio  representing  a  double  compound  (organo-metallic) 
which  suggests  by  its  composition  and  modifications  the  side-chain  of  Ebklich. 
The  germination  of  Penidllium  in  toxic  solutions  of  copper  is  therefore  to  be 
attributed  to  the  presence  of  such  a  complex.  The  paper  is  really  an  elaborate 
study  of  undoubted  value,  but  the  reviewer  has  not  undertaken  to  digest  the 
evidence  for  the  conclusions  enumerated. — Rayhohd  H.  Pond. 

Ch«mistry  of  fttrtUiatlon. — Loeb's  address  before  the  International  Zoologi- 
cal Gongress"  b  of  general  physiological  interest.  Summarizing  all  the  experi- 
ments on  artificial  parthenogenesis,  he  says: 

It  seems  that  the  essential  feature  of  the  process  of  fertilization  consists  first  in 
a  liquefaction  or  hydrolysis  or  both,  of  fatty  compounds,  and  second,  in  the  starting 
of  processes  of  oxidation  in  the  righl  direction.  These  processes  of  liquefactioa  of 
fats  and  hydrolysis  and  oxidation  form  apparently  the  basis  of  the  synthesis  of  oucleins. 
It  is  pos^ble,  but  far  from  proved,  that  among  the  fatty  compounds  involved  in  the 
process  of  hydrolysis  are  the  lecithins. 

These  results  are  in  harmony  with  the  facts  observed  in  the  germination  of  oily 
seeds.  The  process  of  germination  is  an  analogue  to  the  starting  of  the  development 
in  the  animal  egg,  inasmuch  as  resting  cells  ore  thrown  into  the  process  of  cell  divi- 
sion and  this  process  is  based  upon  the  synthesis  of  nucleins I  think  the  chemis- 
try of  the  germination  of  seeds  is  essentially  the  chemistry  of  nuclein  synthesis,  and 
I  believe  the  method  of  starting  this  synthesis  is  essentially  the  same  as  in  the  fertili- 
zation of  the  egg I  am  of  the  opinion  that  this  mechanism  of  nuclein  synlhe^ 

is  the  thread  by  which  we  can  find  a  rational  way  through  the  maze  of  the  otherwise 
bewildering  mechanisms,  characteristic  of  living  matter;  on  one  hand,  the  phenomena 

of  growth,  on  the  other,  those  of  self-preservation We  must  therefore  conclude 

that  the  nuclei  themselves  <x  one  of  their  constituents  are  the  catalyaer  for  the  nuclein 
synthesis  or  one  phase  of  it.  It  is  possible  that  the  nucleus  catalyzes  only  the  phe- 
nomena of  oxidation,  and  inasmuch  as  oxidations  are  the  amdilio  sin«  qua  non  of 
nuclein  synthesis,  l^'s  would  explain  the  autocatalytic  effect  of  the  nuclei  upon  this 
reaction. 

It  will  be  dif&cult  to  harmonize  with  this  theory  the  germination  of  rice  seed 
which,  according  to  Takahashi,  germinate  in  the  absence  of  oxygen,  and  the 
anaerobic  growth  of  young  shoots,  described  by  Nabokicb. — C.  R.  B. 

'J  Science  N.  S.  36:433-437.  rpo?. 
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LMf  ttnictura  uid  physical  facton.— Most  American  ecologista  have  paid 
attentioD  to  the  distiibutioDal  rather  than  to  the  aDstomical  phases  of  their  sub- 
ject For  this  reason  the  contribution  of  Mrs.  Clements'*  has  been  particu- 
larly welcome.  Few  if  any  mvestigatoia  have  so  thoroughly  related  leaf  structuie 
to  definite  physical  factors.  AfKi  a  brief  historical  sketdi,  and  a  survey  of  the 
physical  facton  studied  Qi^t,  water  content  of  the  soil,  humidity,  temperature), 
a  detailed  pieaentatioii  is  given  of  the  characteristics  of  the  mesof^yll  and  ejn- 
dennis  of  a  large  number  of  the  plant  species  of  various  habitats  m  the  Pike's 
Peak  region  of  Colorado.  The  plants  are  divided  into  two  classes,  those  confined 
to  one  habitat,  and  those  that  occur  in  two  or  more  habitats  (polydemic  species). 
The  latter  seem  to  be  the  most  numerous,  and  of  course  are  the  most  interesting, 
as  showing  the  range  of  specific  variation.  The  various  types  of  polydemic 
species  are  grouped  so  as  to  bring  out  graphically  the  effects  of  the  various  factors. 
The  use  of  the  word  endemic  for  plants  confined  to  one  habitat,  and  mesophyll 
for  a  mesophytic  leaf  seem  unfortunate  in  view  of  the  long  and  wide  use  of  these 
words  in  other  senses.  Among  the  more  interesting  of  the  results  and  conclu- 
sions, we  may  note  that  the  lack  of  palisade  cells  is  regarded  as  adaptational  in 
many  hydrophytes,  but  hereditary  rather  than  adaptational  in  monocotyls;  a 
typical  zerophyte  is  regarded  as  having  the  chlorencfayma  made  up  entirely  of 
palisade  cells;  while  light  is  regarded  as  the  dominant  factor  in  determining  the 
palisade  structure  and  close  cell  texture  in  xerophytes,  dryness  of  air  or  soil  is 
necessary  for  the  extreme  expression  of  this  result.  Tbis  paper  b  one  that  should 
stimulate  many  to  carry  on  work  along  the  lines  of  ecological  anatomy. — Henky 

C.  COWLES. 

Tomato  rot. — The  blossom  end  rot  of  tomatoes  is  again  the  subject  of  study. 
This  is  a  widespread  disease  which  has  been  studied  repeatedly  but  without  con- 
cordant results.  The  rot  has  been  heretofore  variously  attributed  to  Macrospo- 
rium,  Fusarium,  Cladosporium,  and  to  bacteria,  while  some  workers  have  failed 
to  find  any  parasites  at  all.  The  latest  bulletin,  by  Miss  Shith,''  describes  the 
discovery,  after  very  careful  search,  ot  small  tufts  of  a  coloriess  mycelium,  pro- 
truding from  intercellular  spaces  between  the  blackened  walls  into  the  still  healthy 
tissue.  Affected  pieces  of  tissue  in  a  moist  chamber  repeatedly  developed  an 
abundant  growth  of  Fusariiun.  The  affected  tissue  showed  no  bacteria.  Pure 
cultures  of  the  Fusarium  were  isolated  and  inoculations  upon  green  fruit  were 
successful,  sometimes  throu^  the  style  but  much  more  frequently  tbrou^  punc- 
tures m  the  epidermis.  This  disease  does  not  develop  well  or  at  all  upon  old 
tomatoes,  its  damage  being  limited  to  young  fruit.  The  writer  correlates  this 
fact  with  the  mcrease  of  malic  add  as  the  fruit  increases  in  ^ze;  since  her  cultures 
prove  that  malic  acid  is  extremely  unfavorable  to  the  growth  of  thb  species  of 
Fusarium. 

ii>  Cr.EiiENTS,  EorrH  S.,  The  relation  of  leaf  structure  to  physical  factors.  IVans. 
Amer.  Mic  Soc.  1905:19-103, 

>i  Surm,  Elizabeth  U.,  Mass.  Agr.  Exp.  Sta.  Technical  BuIL  3.     April  1907. 
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wb«re  tbey  were  until  the  newly  appcoDted  curator  of  botany  at  Ae  Swedish  Acad- 
emy, Professor  C.  A.  M.  Lindican,">  discovered  them  among  other  bundles  of 
[dants  stored  away  in  "lumber  rooms."  These  collections  conust  of  the  herbuu  of 
Cakl  voh  LiNNf  fil.,  Alstboekeb,  Montin,  and  Soiandek,  and  contain  many 
specimens  named  by  LnraAErs  himself.  These  plants  of  IjNNAEas  and  his  son,  and 
from  HorUts  Upsalieiuis  during  the  lifetime  of  Linnaeus,  aggregate  about  aooo. 
They  have  been  brou^t  together  as  a  "Herbarium  Linnaeasum,"  and  Likdiuk 
is  now  publishing  a  Ibt  of  the  spedes,  arranged  according  to  Syst.  Veget.  ed.  13 
(1774)  and  SMppl.  Plant.  (1781).— Theo.  Holm. 

CItmata  and  plants. — ^H.  von  Gdttenberg"  has  made  an  anatomical  and 
[diysiologlcal  study  of  the  evergreen  element  of  the  Mediterranean  flora,  in  part 
quite  parallel  to  the  studies  which  Bergen  has  publi^ed  in  this  journal  and  to 
some  extent  upon  the  same  species.  His  work,  however,  was  more  extensive. 
It  was  done  upon  two  islands,  Lussin  and  Biioni  Grande,  near  the  Austrian  coast 
of  the  Adriatic,  and  while  bis  results  as  to  transforation  do  not  dways  agree  with 
Bergen's,  thdr  general  drift  is  the  same.  The  anatomical  structure  of  the  leaves 
is  not  of  the  extreme  xerofAilous  type,  because  these  plants  must  be  aUe  to  take 
advantage  of  the  more  favorable  conditions  of  spring  and  autumn,  as  well  as  to 
withstand  the  drou^t  of  summer.  Thus,  he  finds  the  guard  cells  characterized 
by  a  special  motility  because  of  the  "hinge"  in  the  wall,  so  that  they  can  prevent 
transpiration  almost  entirely  by  complete  closure  or  allow  it  freely  by  wide  open- 
ing. We  may  pe  pennitted  some  skepticism  as  to  the  perfection  of  this  regulation, 
however,— C.  R.  B. 

Anatomy  of  lianei. — Fries"  describes  the  anatomy  of  the  stem  and  the 
aerial  roots  of  a  cucurbit,  Siotmalra  brasilienns,  with  some  notes  on  the  mode  of 
origin  and  form  of  the  aerial  roots  of  a  species  of  Cissus,  both  occurring  in  the 
rain-forests  of  northern  Argentina  and  southern  Bolivia.  Only  two  cases  of  the 
formation  of  aerial  roots  have  been  described  among  Cucurbitaceae,  and  in  these 
the  roots  are  small  and  known  only  in  house-grown  plants.  But  Siolmatra  pro- 
duces the  long  rope-like  roots,  reaching  down  from  the  tops  of  the  higjiest  trees, 
where  the  [dant  expands  its  foliage,  to  enter  the  ground  and  branch  profusely. 
The  most  remarkalje  anatomical  character  of  the  stem  is  the  presence  of  a  second- 
ary cambium  in  the  fnth,  which  produces  groups  of  leptome  and  mechanical  tissues 
on  its  moer  face  and  groups  of  libriform  cells  on  its  outer  face. — C.  R,  B. 

•a  LiHDiiAH,  C  A.M.,  A  LinnaeaD  herbarium  in  the  Natural  Histwy  Museum 
in  Stockholm.    Arkiv.  fftr  Botanik  Roy.  Swed.  Acad.  Stockholm  7:00,  3.  1907. 

•I  GtrnENBEKO,  H.  VON,  Analomisch-phydologiiscbe  Untersuchungen  Qt>er  das 
immogrOne  LsubbUtt  der  Mediterranflora.  Engler's  Bot.  Jahrb.  38:383-4+4-  ^^ 
7-ii.  1907. 

"  Fries,  Rob.  E.,  Morphologisch-aiiatoimsche  Notizen  Ulier  zwei  sUdameri- 
kamsche  Lianeru     Bot.  Studier  tillagnade  F.  R.  Kjelliun  89-101.    Upaala.     1906. 


ijGoogle 


398  BOTAh'ICAL  GAZETTE  (novembm 

Fton  BonaU-Amerkuta. — It  is  generally  conceded  that  Ands£  Michadx 
was  not  the  real  author  of  this  woik,  and  that  it  should  be  credited  to  Richard. 
Clos"  has  brought  the  subject  up  again,  and  we  leam  that  KtJNTH  in  1835  declared 
po^tivdy  that  Richajid  was  the  anonymous  autborof  the  work ;  and  that  Richasd 
published  very  little  himself,  leaving  to  his  friends  and  pu{»ls  the  puUication  of 
many  of  his  most  important  contributions.  Beauchardat  made  a  similar  declara- 
tion before  the  faculty  of  medicine  in  Paris,  in  iSss.—Theo.  Moul 

Origin  of  asparagln  in  Medlingi. — Sizbijlze''  has  oontemj^ted  the  work  of 
others  in  connection  with  some  of  bis  own  and  offers  in  consequence  tbe  view  that 
by  tbe  oxidation  of  tbe  primary  products  of  the  dissociation  of  |votdd  (mono- 
amino-adds,  bexone  bases)  ammonia  is  formed,  and  that  the  ammonia  is  then  used 
in  metabolism  for  tbe  synthesis  of  asparagin  and  ^utamin  as  the  case  may  be. 
That  enzymes  are  potent  in  tbe  oxidation  of  the  primary  products  mentioned  be 
regards  as  probaWe.— RAifMOND  H.  Pond. 

Photosyntheiii. — An  excellent  but  &11  too  brief  r&um£  of  the  recent  progress 
and  present  status  of  the  problems  of  photosynthesis  and  the  rfile  of  chloroph]41| 
given  by  Kohl"  before  the  general  meeting  of  the  German  Botanical  Society  in 
June  1906,  has  only  recently  been  published  in  the  BeridiU  (May  1907),  It  was 
too  eariy  to  take  account  of  the  latest  work  of  Ushee  and  PjjESTtEV,''  which 
would  have  modified  radically  some  of  its  statements. — C.  R.  B. 

[Hyzomycetet  of  Colorado. — Bethel  and  Sturcis  have  begun  the  puUica- 
tion of  a  series  of  contributions  under  the  general  title  "The  Myxomycetes  and 
Fungi  of  Colorado,"  the  first  number  bong  a  presentation  of  the  Myxomycetes 
by  Stdbgis."  This  first  bringing  together  of  the  slime  moulds  of  the  state  shows 
almost  100  species,  representing  38  genera. — }.  M.  C. 

Chromoiomei  of  Oenothera  mntants. — Miss  Lmz**  has  counted  the  chromo- 
somes in  tbe  root  tips  of  seedling  of  O.  Lamarckiana  and  of  O.  pgas,  one  of  its 
mutants.  The  point  of  chief  interest  is  that  tbe  number  (probably  38)  in  the 
somatic  cells  of  thb  mutant  is  double  that  found  in  tbe  parental  form. — ^J.  M.  C. 

■T  Clos,  D.,  La  premiere  Bore  de  TAmfrique  du  Nord  el  Louis  Claude  Richard. 
Bull.  5oc  Bot.  France  53:667.   1906. 

■*  SCBUL2E,  E.,  Zur  Frage  der  Bildungsweise  des  Asparagins  und  des  Glutamics 
in  den  KeimpBanzen.     Ber.  Deutsch.  Bot.  Gcselis.  a^;2\y^i6.  1907- 

■»  Kohl,  F.  G.,  Kohlensaure -Assimilation  und  Chkirophjdl-Funktion.  Ber. 
Deutsch.  Bot.  Gesells.  a4:(3!))-(s4).  1907. 

JO  See  BoT.  Gaiette  43:144-  1907. 

!■  Sturob,  W.  C,  The  Myxomycetes  of  Colorado.  Colorado  Coll.  PubL,  Sd 
Series  11:1-43-  1907- 

J'  LuTZ,  AknsM.,  a  preliminary  noteon  the  chromosomes  otOeiiolfara  iamortH- 
ofM  aod  one  of  its  mutants,  O.  pgas.    Science  N.  S.  36:151,  151.  1907. 
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NEWS 

Mr,  W.  Eric  Brooks  has  succeeded  Mr.  V.  H.  Blackuan  in  the  department 
of  botany  of  the  British  Museum. 

Mb.  a.  W.  Hill,  lecturer  at  Cambridge  University,  has-been  appointed 
assistant  director  of  the  Royal  Gardens,  Kew. 

Edward  W.  Berry  spent  the  summer  in  coUecting  Mesozoic  and  Pleisfaxxne 
fossil  plants  in  Virginia  and  North  and  South  Carolina. 

Mr.  T.  D.  Beckwith,  Department  of  Agriculture,  has  been  elected 
assistant  professor  of  bacteriology  and  plant  pathology  at  the  North  Dakota 
Agricultural  College  and  Experiment  Station,  Fargo,  N.  D. 

Mh.  J.  H.  ScHAFFNER,  professor  of  botany  at  Ohio'State'^tJniversity,  has 
been  granted  leave  of  absence  of  one  year  to  study  in  Germany.  His  work  at 
the  university  will  be  cared  for  by  Dr.  A.  Dachnowski,  Univeraity  of  Michigan. 

A  BiocBAPHi'cAL  SKETCH  of  the  late  Maxwell  T.  Masters  b  published  in 
Kew  Bull.  Misc.  Inf.  1907:315-334.  prepared  by  Mr.  W.  B.  Hehsley.  A 
bibliography  is  also  published,  not  including  contributions  to  the  d^deners' 
Chronkk,  and  containing  141  titles. 

Dr.  Th.  Herzog,  of  Freiburg,  has  gone  to  South  America  for  a  stay  of  eight- 
een months,  having  been  appointed  botanist  of  a  Portuguese  commercial  society 
organized  to  introduce  "plant  products"  into  Europe.  His  explorations  will 
lie  chiefly  in  Bolivia  and  the  Amazon  region,  and  in  connection  with  his  other 
work  he  hopes  to  obtain  valuable  collections  of  plants,  and  especially  of  mosses. 

Mr.  C.  F.  Baker,  for  three  years  past  chief  of  the  Department  of  Botany 
in  the  Estaddn  Central  Agronomica,  at  Santiago  de  las  Vegas,  Cuba,  has  been 
appointed  curator  of  the  Herbarium  and  Botanic  Garden  at  the  MuseuJGoeldi 
Pari,  Brazil.  All  letters  and  packages  should  be  addressed  to  him  at  that  point 
after  November  i,  1907.  His  especial  function  there  will  be  the  further  develop- 
ment of  the  herbarium  and  garden  at  Pari,  and  the  botanical  exploration  o 
some  of  the  most  interesting  parts  of  the  Amazon  Valley. 
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I, 


"THIS  is  the  genuine  "PEARS'  as  sold  for  more  than  100  years  past!  I 
have  sold  it  all  my  lite,  and  know  how  good  it  is.  It  is  entirely  pure  and  thers'is 
no  -water  mixed  with  it,  it  is  ALL  SOAP  and  lasts  longer  than  any  other;  it  i^ 
the  CHEAPEST  as  well  as  the  BEST. 

"  I  could  sell  you  an  imitation  at  half  the  money  and  maKe  more  profit  on  it 
J,  but  I  should  be  only  s-windling'  you  if  I  did,"  "     '    ' 

.11  RiohKSfqurtd.  '    ^T  t.  H.  )  ^^ 

'judgfKyo  until.    A£cnri: 


le 


.    Tht  bt9<  Anniul  pi 


Wilhia  the  group  of  the  Onagras,  however,  the  reciprocal  hybrids 
are  in  most  cases  different,  and  with  a  few  exceptions  are  more  similar 
to  their  father  than  to  their  mother.  They  are,  as  it  is  called,  patro- 
clinous.    So  it  is,  for  instance,  with  the  reciprocal  hybrids  of  O.  muri- 

'  Die  Mutationstheorie  2:471. 
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Other  plants.  A  Dr.  Winslow  had  proposed  that  the  Californian 
Sequoias  might  fitly  bear  that  honored  name.  For  this  reason  SuD- 
woKTH,  in  1897,  proposed  ('97)  to  substitute  for  Wendland's  name 
the  cacophonous  chloronym  Neowashingionui.  In  this  he  has  been 
followed  by  some  American  nomenclaturists,  but  not  by  European 
palmographcrs. 

In  the  same  year  BsnroN  and  BsowN**  transferred  the  umbellif- 
erous plants  commonly  known  as  Osmorrhiza  to  WashingUmia  Raf., 
a  disposition  subsequently  accepted,  with  confessed  reluctance,  by 
Coulter  and  Rose.' 

It  would  seem  evident  that  one  of  the  leading  principles  which 
should  govern,  if  a  stable  nomenclature  is  to  be  attained,  is  that  the 
code  should  not  be  interpreted  in  the  interest  of  novelty.  Changes 
of  name  should  be  made  only  on  clearest  evidence  of  their  necessity, 
and  in  all  cases  of  reasonable  doubt  the  name  in  possession  should 
be  left  undisturbed.  Tried  by  this  standard  it  does  not  appear  that 
either  of  these  proposed  changes  is  justifiable.  WmsLOW's  alleged 
publication  is  valid  neither  in  its  character  nor  in  its  vehicle.  It 
occurs  in  the  course  of  a  rambling  popular  account  of  a  visit  to  the 
Sierra  Nevada,  published  in  the  California  Farmer  of  August  24, 1854, 
a  farmer's  weekly  of  the  ordinary  type.  Possibly  the  original  defect 
might  be  considered  to  have  been  cured  by  the  quotation  of  some 
paragraphs  of  Winslow's  letter  in  an  article  on  "The  big  tree," 
by  Hooker,*  and  by  Carri^re's  citation  in  the  synonymy  imder 
WellingUmia  gigantea.*  In  any  event,  Washingtonia  as  a  name  for 
the  Sequoias  lapsed  at  once  into  hopeless  synonymy,  leaving  it,  imder 
the  International  Rules  of  Botanical  Nomenclature,  open  for  subse- 
quent use. 

The  facts  in  the  other  case  are  these.  In  1818,  in  a  review  of 
Pursh's  Flora,  RAFiNESQira;  remarks  that,  in  his  opinion,  Chaero- 
phyllum  Clayloni  Pers.  had  been  incorrectly  referred;  and  he 
continues:  "Several  names  have  been  proposed  for  it,  Washingtonia, 
Osmorrhiza,  Gonanthenis,  but  these  are  not  yet  published ;  the  second 

>•  Bbitton  and  Brown,  111.  F1.  a :  53a.  1897. 

■  Con-TEK  and  Rose,  Monog.  Umbell.  Conirib.  U.  S.  Nat.  Herb.  7:6t.  1900. 

3  HOOKEB,  Jour.  Bot.  and  Kew  Garden  Misc.  7 ;  16  «f  m;.  1855. 

4  Carki%BE,  Traits  des  ConiRres,  Ed.  3,  317.  1867. 
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is  perhaps  the  best,"*  and  in  the  foUowing  year  he  did  publish  this 
second  naine.^  In  order  that  we  may  be  enabled  to  make  a  confu^ng 
change  in  two  familiar  names,  therefore,  we  must  hold  that  Rafin- 
ESQUE  published  a  name  wbeo  he  expressly  disclaimed  so  doing,  and 
did  not  publish  it  when  he  formally  undertook  the  task. 

NAME  OF  THE  TYPE  SPECIES 

Here  it  is  convenient  to  consider  another  Domenclatural  question. 
Wendland's  original  spedes  was  published  as  W.  fiiifera;  but  in 
his  Rtvisio,  Kuntze  {*sii)  proposed  to  change  it  to  W.  piameniosa, 
on  the  ground  of  priority,  citing  in  support  "Brahea  filameniosa 
Weodl.  in  Cat.  Haage  &  Schmidt  (1875),  Prichardia  fiiamentosa 
Wendl.  ex  Fenzi  in  Bull.  Soc.  Tosc.  (April,  1876)."  To  seek  in  a 
tradesman's  catalogue  for  a  pretext  for  displacing  an  established  name, 
requires  a  lust  for  change  almost  amounting  to  a  mania.  But  if  an 
appeal  to  trade-lists  is  to  be  made,  priority  is  ^lainst  the  change,  for 
Haage  and  Schuidt  offered  Brakea  piameniosa  in  their  autumn 
catalogue  of  1875,  but  in  the  spring  of  the  same  year  Linden  in  his 
list  had  put  the  same  plant  on  the  market  as  Prichardia  fiiijera 
(Fenzi  '76).  Prichardia  fUamentosa  of  Fenzi's  paper  is  a  fumen 
nudum,  being  without  a  word  of  scientific  description,  or  any  reference 
to  a  published  species.  As  the  proper  specific  name,  piameniosa  has 
absolutely  no  standing. 

THE  SOUBCE  of  WASHINGTONIA  FILI7ERA 

When  we  pass  from  the  consideration  of  names,  we  find  ourselves 
confronted  by  questions  of  greater  difficulty.  What  precisely  was 
the  palm  variously  known  to  gardeners  and  seed-dealers  as  Brahea 
plijera  or  Prichardia  piameniosa,  and  to  which  Wendland  gave  the 
name  Washingtonia  plijera,  and  whence  came  it  ?  Wendland  had 
before  him  a  few'  young  trees  which  had  been  grown  in  the  palm- 

>  Am.  Monlb.  Mag.  i:  176.  j8i8.  This  publication  is  invalid  under  the  Laws  ot 
Nomenclature  (ormulaled  by  the  Botanical  Club  of  th«  A.  A.  A.  S.  See  CfttWQ  la  of 
the  latest  revision  of  that  code,  in  Bull.  Torr.  Bot.  Club  34:171.  1907. 

^Jour.Phys.  89:157.  1S19. 

)  There  could  have  been  but  ien>  of  these  trees,  for,  in  a  letter  to  the  writer,  M. 
LuciEN  Linden,  the  present  head  of  the  house,  writes:  "Vers  1873  mon  ptre  a  re^ 
d'ttn  dizaine  des  graines  de  ce  palmier  qu'ii  avail  rapporli  d'un  voyage  en  Califomie." 
In  his  original  description  Wendland  states  that  it  was  introduced  by  Linden  in 
1869,  but  this  [s  evidently  an  error. 
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>uses  of  Linden  in  Ghent.    It  seems  certain  that  the  seeds  were 

rought  to  Europe  by  Roezl.*    They  purported  to  have  been  col- 

cted  in  Arizona,  near  the  Colorado  River,  and  Fenzi  C76)'  even  gives 

titude  and  longitude,  which  would  locate  the  parent  trees  in  the 

;ighborhood  of  Prescott,  Arizona,  a  region  rather  of  pines  than  of 

ilms.     Definite  as  are  these  statements,  it  is  impossible  that  Roezl 

'cr  could   have   seen   a  Washingtonia  growing   spontaneously  or 

ive  collected  its  seed.     The  seeds  which  he  carried  to  Europe  he 

ust  have  received  from  another,  probably  in  San  Francisco,  and 

ith  them  an  inaccurate  or  misunderstood  accx)unt  of  their  source, 

Roezl  appears  to  have  made  but  a  single  visit  to  America.    He 

ft  Europe  in  August  1872,  landing  at  New  York,  and  proceeding 

f  way  of  St.  Louis  to  Denver,  where  he  made  his  headquarters. 

n  September  6  he  wrote  from  that  place  that  he  had  sent  home  six 

ixes  of  Yucca  anguslifolta,  some  cactuses,  and  bulbs  of  Calochortus. 

lie  then  made  a  trip,  of  a  fortnight's  duration,  into  northern  New 

Mexico,  where  he  saw  Abies  concolor,  Yucca  baccata,  and  Ipomoea 

leptophylla.    On  October  3  he  wrote  from  San  Francisco,  telling  of 

his  route,  by  the  Union  and  Central  Pacific  Railways,  through  Utah 

and  Nevada.    He  remained  in  San  Francisco  until  about  November  i, 

when  he  sailed  for  Panama." 

The  early  reports  of  the  location  of  the  parent  trees  proving  unre- 
liable, we  are  left  without  any  authentic  information  as  to  the  source  of 
Linden's  seeds.  They  may  have  come  from  native  trees  in  the 
region  now  known  to  be  occupied  by  these  palms,  or  from  some  of 
the  older  cultivated  trees  in  southern  California.  There  is  reason 
to  believe  that  some  of  the  earliest  subsequent  importations  of  seed 
were  collected  by  the  late  George  W.  Dunn  in  Cantillas  Cafion, 
on  the  desert  borders  of  northern  Lower  California. 

^  "Es  iat  namlich  von  RAzL,  in  Nord-Mexico,  bci  Arizona,  am  Rio  Colorado, 
eine  Cor«phioe  gesammelt  norden,  welche  unter  dem  Namen  FrickarUa  filamtnlata 
jetit  in  den  Handelgfirten  geiogen  wird"  (Dhude  '76). 

V  "L&  scopelB  di  quesia  Palma  se  debba  all'  intrepide  B.  Roezl,  che  I'aviabbe 
retrovata  netl'  Arizona  (Stati  Uniti),  dove  crcsca  spontanea  sulle  rive  del  Colorado, 
a  drca  115°  de  longitudine  ouesl  del  meridiiuio  dc  PaHgi,  e  circa  de  33°  latitudiue 

"Notices  of  Roezl  may  be  found  in  GartenOora  1874:49;  1889:3301  Jour, 
Bot.  1874:384:  Card.  Chron.  3:531.  1SS9-  He  died  at  Prague,  October  14,  18S9, 
at  the  age  of  6t  years. 
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the  genus  aod  of  W.  fiiifera,  the  first  formal  and  satisfactory  description 
of  either  genus  or  species. 

CONFUSION  KESPECTING  THE  SPECIES 

From  what  has  now  been  stated  it  will  be  understood  that  con- 
fusion might  readUy  arise  as  to  the  identity  of  these  two  species. 
Each  was  insufficiently  described  from  youi^  plants  growing  under 
glass;  and  the  indigenous  source  of  each  was  either  misapprehended 
or  misrepresented.  Added  to  this  is  the  undoubted  fact  that  soon 
after  the  publication  of  the  second  species,  certain  dishonest  dealers 
were  accustomed  to  fill  orders  for  either  from  the  same  drawer,  the 
only  difference  being  in  the  price.  Moreover,  in  recent  years,  through 
honest  misunderstanding,  the  seeds  supplied  to  the  market  as  "true 
W.  robusta"  belong  in  reality  to  an  undescribed  species.  Naturally 
the  product  of  these  falsely  named  seeds  adds  to  the  confusion.  It 
happens,  therefore,  that  neither  of  the  palms  known  in  California 
as  W,  fiiifera  and  W,  robusia  bears  its  true  name. 

A  clue  in  these  difficulties  would  be  found  could  we  as(xrtain 
exactly  what  was  Wendland's  W.  fiiifera,  but  this  seems  impossible. 
The  only  practical  course  is  to  accept  as  representing  this  species 
certain  mature  trees  growing  in  the  Riviera,  which  are  recc^nized 
by  European  authorities  as  authentic  specimens  of  Wendland's  two 
palms.  They  are  distinguished  by  a  character  which  does  not  appear 
in  cither  of  the  original  descriptions,  and  one  too  marked,  it  would 
seem,  to  have  been  overlooked.  Yet  in  the  native  groves  of  the 
desert,  where  it  is  to  be  seen,  it  has  been  overlooked  by  the  many 
accomplished  botam'sts  who  have  visited  them.  While  not  entirely 
satisfactory,  this  seems  the  best  disposition  attainable,  and  I  have 
adopted  it  in  the  following  key,  which  represents  my  present  under- 
standing of  the  genus. 

KEY  TO  WASHINGTONIA 
Petiole  acuminatelj  prolonged  in  the  blade. 
Blade  abundantly  filiferous. 

Margins  of  the  petiole  unarmed  near  the  blade i.  W.  fiiifera. 

Margins  of  the  petiole  armed  throughout la.  W.  fiiifera  robusia. 

Margins  umed  only  near  the  base ib.  W.  fiiifera  microspema. 

Blade  destitute  of  filaments  or  nearly  so a.  W.  graaUs. 

Petiole  obtuse  at  junction  with  the  blade 3.  W.sonorat. 
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I.  Washingtonia  fujtesa  Wendlaiid,  Bot.  Zeit.  37:68.  1879. — 
Pigs.  I,  2. 

Margins  of  the  petioles  anned  to  the  middle,  or  somewhat  higher, 
naked  above ;  otherwise  as  in  the  following  variety,  so  far  as  known. 

There  seems  to  be  no  reason  for  selecting  this  form  as  represent- 
ing Wendland's  species  except  that  European  palmographers  so 


a  full  flower,  of  W.  flijara  robiuta,  from  &  cultivUed  tree  a 


regard  trees  having  this  character  which  are  growing  in  the  Riviera. 
There  arc  some  trees  thus  armed  growing  in  the  native  groves  at  Palm 
Springs,  and  they  appear  not  to  differ  otherwise  from  the  fully  armed 
ones.  In  the  same  groves  there  are  also  young  palms,  probably 
five  or  six  years  old,  having  petioles  without  the  usual  corneous  margin, 
and  armed  only  with  weak  prickles,  or  nearly  destitute  even  of  these. 
No  mature  trees  of  this  kind  were  seen.    A  similar  difference  is 
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Fio.  6. — W.  fiiijtra  var.  microsptrma  Beccari;  in  the  gardens  of  Count  Parravi- 
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reported  in  the  annatuie  of  the  petioles  of  Erylhea  editlis,  some  trees 
having  naked  petioles,  while  others  show  rudimentary  spines. 

la.  Washingtonia  filifeka  Wendl.  var.  robwta,  n.  comb. — W. 
r«ftiM(a  Wendland,  Garten  Zeit.  3:198.  1883;  W.filijera  S.Watson, 
Bot.  Cal.  3:211,  485.  1S80,  and  of  American  gardens;  W.  fitatiKniosa 
Kuntze,  Rev.  Gen.  PI.  3:737.  1891;  Sargent,  Sylva  10:47.  P^- 
5-p.  1891;  Neowashingtonia  fihmetUosa  Sudworth,  U.  S.  Dept. 
Agr.,  Div.  For.,  Bull.  14: 105.  1891. — Figs.  3-5. 

Trunk  stout,  enlaiged  at  the  base,  20-27"  tall:  petiolesstout  and 
until  old  erect,  i-i .  s™  long,  i-i .  25*"  wide  at  the  dark-brown  base, 
and  one-half  as  wide  at  the  blade;  the  upper  surface  concave,  its 
thin,  light-brown  margins  corneous  and  armed  for  their  entire  length 
with  stout  hooked  spines,  acuminately  prolonged  into  the  blade; 
ligule  papyraceous,  acuminate,  lacerate,  2-5''"'  long;  blades  l-i-S" 
in  diameter,  the  60-70  folds  dcciduously  tomentulose  on  the  lower 
edges,  cleft  two-thirds  to  the  base,  the  margin  of  the  divisions  abun- 
dantly filiferous:  panicle  declined,  exceeding  the  leaves,  the  primary 
brandies  4-5,  each  bearing  2-5  separated  thryses,  which  are  exceeded 
by  their  ligulate,  chartaceous,  spathoid  bracts;  iofioresence  dense, 
but  becoming  diffuse  in  fruit:   seed  excavated  on  the  raphal  &ce. 

Borders  of  the  Colorado  Desert  of  southern  Califoniia,  at  low  altitudes,  sddom 


The  floweis  and  fruit  have  been  well  described  by  Watson.  Hie  flowen 
aie  copiously  nectaiifcrous,  and  exhale  a  heavy  odor,  disagreeaUc  when  near  hj, 
but  when  diffused  somewhat  suggestive  of  the  perfume  of  orange  Uossoms. 

ifc.  Washingtonia  filifera  Wendl.  var.  mlcroBperma  Beccari 
in  litt.,  n.  var. — Figs.  6, 7. 

"A  smaller  tree,  margins  of  the  petioles  armed  only  at  the  base." 
Differing  in  these  respects  only  from  the  preceding. 

Growing  in  the  Riviera,  but  as  yet  not  noticed  in  the  natural  grovea. 

2.  Washingtonia  gracilis,  n.  sp. — W.  robusta  of  California  gardens, 
not  of  Wendland. — Figs.  8-10. 

Trunk  slender,  at  least  20™  tall:  petioles  rather  convex  on  the 
upper  surface,  7-10*"  long,  about  i*^"  wide  at  the  brown  base  and 
one-half  as  wide  at  the  blade,  the  corneous  margins  armed  with  short 
hooked  yellow  spines  for  the  entire  length,  acuminately  prolonged  in 
the  blade;  ligule  papyraceous,  narrow,  the  margin  entire;    blade 
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S-io**™  in  diameter,  the  folds  75-So,  deciduously  tomentose  toward 
the  base  beoeath,  cleft  little  more  than  one-third  toward  the  base, 
not  fiUferous  except  for  an  occasional  single  filament  in  the  sinuses 
of  some  of  the  folds:  peduncles  declined,  exceeding  the  leaves; 
primary  divisions  6-8,  each  bearing  5-10  separated  thryses,  which 
are  mostly  exceeded  by  their  narrow,  deciduous,  chartaceous  bracts; 
flowers  nearly  sessile:  calyx  tubular-campanulate,  j"""  long,  the 
short  rounded  lobes  lacerate:  tube  of  corolla  3°""  long,  its  lobes  erect, 
narrowly  lanceolate,  6-7°""  long:  filaments  subulate,  3"""  long, 
the  versatile  anthers  4""°  long:  seeds  broadly  ovate,  6-7  by  5""", 
somewhat  rugose  on  the  raphal  face. 

Described  from  cultivated  trees  growing  in  San  Bernardino  and  Rivenkle, 
California;  probably  indigenous  in  northern  Lower  California. 

This  palm  is  readily  distinguished  from  W.  fiii/era  and  its  varieties  1^  its 
slender  trunk  and  smaller  and  less  dtefAy  divided  leaves,  which  are  without  fila- 
ments and  on  shorter  petioles.  It  is  a  tree  of  rapid  growth  and  has  been  extcn- 
sivdy  planted  in  recent  yeais  in  soutiiem  California,  under  the  mistaken  name 
of  W.  robusia,  the  true  W.  robusta  being  known  as  W.  flijera.  According  to  die 
report  of  a  reliable  dealer,  the  seed  from  which  the  older  trees  were  grown  was 
procured  from  indigenous  groves  in  caAons,  running  to  the  sea,  on  the  coast  of 
Lower  California,  somewhere  between  the  international  boundary  and  Rnsenada. 
Culdvated  trees,  which  now  have  been  fruiting  for  a  number  of  years,  are  the 
present  sources  of  the  commercial  seed.  Much  has  been  gathered  from  two 
noble  trees,  among  the  oldest  in  cultivation,  which  ornament  the  lawn  of  Mr. 
D.  W.  McLeOd,  of  Rivereide. 

4.  Washington  sonorae  Watson,  Proc.  Am.  Acad.  24:79.  1889; 
25:136.  1890.— i="(^.  II. 

This  species  is  readily  separable  from  the  others  by  the  obtuse 
juncture  of  the  petiole  with  the  blade.  I  have  seen  only  yoimg  plants, 
and  their  leaves  are  very  abundantly  filifcrous. 

The  type  station  is  given  by  Watson  as  "in  secluded  cations  in  the  mountains 
about  Guyamas."  Dr.  E.  Palmer,  the  collector  of  the  type  specimens,  informs 
me  that  the  trees  grew  "in  great  quantities,  and  of  great  size,  in  the  deep  cations 
running  into  the  Gulf  of  California,  far  away  from  Guyamas."  Dr.  Watson" 
subsequently  identified  as  of  this  spedes  certain  specimens  collected  by  Dr. 
Faluer  at  La  Paz,  in  Lower  California,  and  on  the  opposite  side  of  the  gulf. 
The  trees  in  cultivation  have  been  grown,  probaUy  exclusively,  from  seed  collected 
in  San  Jos^  del  Cabo,  in  the  same  region  of  Lower  California. 

The  natives  of  the  Cape  region  recognize  thre«  distinct  forms  of  W.  sonorae. 
Two  of  these — "Palma  Blanca"  and  "Palma  Ct^H^'^-are  distinguished  by 


X 


Fic  S. — IV.  graeilij  Palish;  Victoria  Avenue,  Riverside,  California.  This  tree  i 
about  35  years  old  and  i8<n  high;  ils  circumference  at  5<l<ii  from  the  ground  is  15.75^ 
the  leaves  have  been  removed  from  the  trunk. 
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the  fullest  acquaintance.  The  type  source  of  W.  filijera  is  unknown, 
the  native  home  of  W.  gracilis  remains  unvisited,  the  haunts  of  W. 
sottorae  seldom  have  been  penetrated,  but  many  botanists  have  stood 
beneath  the  groves  of  the  desert  W.  roimsta,  and  it  has  long  been 
familiar  in  cultivation  in  southern  California. 

Distribuium. — Its  distribution  appears  to  have  been  determined 
by  the  boundaries  of  the  great  lake  which,  in  the  not  very  distant  past, 
occupied  the  central  depressioQ  of  the  Colorado  Desert.  We  may 
reasonably  suppose  the  shores  of  this  ancient  lake  to  have  been 
enlivened,  here  and  there,  with  groves  of  stately  palms.  A  few  vener- 
able trees  still  linger  near  the  upper  shore  line  of  this  vanished  sea, 
gaunt  and  ready  to  perish,  and  without  offspring  to  succeed  them; 
but  the  most  have  retired  to  the  ca&ons  of  the  surroimding  mountains. 
Here  they  find  congenial  homes  along  the  few  and  feeble  streams,  by 
some  scanty  sprii^,  or  narrow  oasis  moistened  by  alkaline  percola- 
tions. The  necessity  of  soU  moisture  is  the  governing  factor  in  their 
distribution. 

The  most  extensive  groves  occupy  a  tract  of  strongly  alkaline  soil 
along  the  foothills  some  ten  miles  north  of  Indio,  and  extendit^  up 
some  of  the  neighboring  washes.  This  belt  may  be  considered  the 
center  of  distribution.  The  finest  grove  occupies,  for  a  mile  or  more, 
the  narrow  Palm  Cafion,  on  the  opposite  side  of  the  desert  at  the  base 
of  San  Jacinto  Mountain.  Here  hundreds  of  fine  trees  fill  the  sandy 
bed  of  the  stream  or  cling  to  the  rocky  bases  of  its  steep  sides.  The 
older  trees  are  still  vigorous,  and  there  are  abundant  younger  ones  of 
all  sizes.  It  is  convenient  of  access  from  the  little  village  of  Palm 
Springs. 

Most  of  the  cafions  at  the  desert  bases  of  San  Jacinto  contain 
palms.  A  few  grow  in  the  canon  of  the  Whitewater,  which  is  the 
western  limit  of  the  species.  Its  southern  outpost  is  probably  at 
Carrizo  Creek;  a  few  trees  at  Com  Springs  mark  its  northern  limit, 
and  none  are  known  east  of  Frink's  Station. 

Duration  oj  the  leaves, — It  is  seldom  that  one  sees  a  desert  palm, 
either  indigenous  or  cultivated,  that  has  not  been  marred  by  human 
agency.  A  naked  trunk,  crowned  with  living  leaves,  beneath  which 
is  a  mass  of  dead  ones  deflejed,  is  not  the  natural  aspect  of  the  tree. 
The  effete  leaves,  were  they  not  artificially  removed,  would  conceal 
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the  trunk,  at  least  for  the  greater  part  of  its  length,  beneath  a  gray 
thatch,  an  ideal  protection  against  the  parching  air  of  the  desert. 
The  dead  leaves  are  usually  kept  cut  away  from  cultivated  trees, 
while  it  is  almost  impossible  to  find  mature  indigenous  palms  from 
which  the  leaves  have  not  been  repeatedly  burned.  To  so  bum  them 
was  the  immemorial  custom  of  the  desert  Indians,  and  it  has  been 
erroneously  alleged  that  in  this  they  were  influenced  by  a  superstitious 
motive — the  making  of  an  offering  by  fire  to  the  spirits  of  the  dead. 
In  fact  their  purpose  was  purely  utilitarian,  namely,  to  &cilitate  the 
gatberii^  of  the  fruit,  and,  as  they  believed,  to  increase  the  fruit- 
fulness  of  the  trees.  That  the  trees  survive  these  repeated  burnings 
is  evidence  of  their  wonderful  vitality. 

The  functional  life  of  a  leaf  is  about  one  year.  How  long  the 
dead  leaves  would  remain  attached  to  the  trunk  if  undisturbed  cannot 
be  stated ;  probably  for  a  very  long  period.  There  is  a  row  of  trees 
in  San  Bernardino  fully  lo™  tall  from  which  the  leaves  have  never 
been  removed,  and  the  lowest  are  over  twenty-five  years  old  and  still 
firmly  attached  to  the  trunk.  In  a  secluded  nook  of  San  Jacinto 
Mountain  there  is  reported  to  be  a  group  of  three  majestic  palms,  20*" 
or  more  in  height,  whose  trunks  are  clothed  with  a  dense  leaf-thatch 
bom  crown  to  base;  their  age  cannot  be  less  than  a  century.  From 
the  burned  trees  the  leaves  eventually  fall  off  in  great  masses,  the 
bases  of  the  petioles  seeming  to  have  been  violently  wrenched  loose, 
and  not  to  have  naturally  separated,  as  with  deciduous  leaves. 

Aboriginal  uses. — The  habitations  of  the  desert  Indians  were  mere 
shelters,  but  naturally  palm  leaves,  when  easily  procured,  were  utilized 
in  their  primitive  construction.  Strands  split  from  the  leaves  were 
convenient  for  tying,  and  it  is  said  were  sometimes  used  for  the  spu-al 
ooil  with  which  they  built  up  their  baskets  (Messiah  103). "  They 
were  also  used  in  building  the  characteristic  granaries  used  by  these 
Indians  for  storing  the  various  seeds  used  by  them  for  food. 

Of  these  food  supplies  the  &uit  of  the  palm  was  an  important 
.  It  was  eaten  fresh,  and  also  dried  for  preservation.  A  favorite 
lod  of  preparing  the  dried  fruit  was  by  triturating  it  with  water 

'  The  stems  of  a  grass,  Epkampet  rigens,  was  the  material  commonly  used  (or 
lurpose.    I  have  oever  aeeo  a  basket  in  the  construction  of  which  pshn  leaves 
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in  a  Stone  mortar  until  a  pulpy  mass,  rich  in  saccharine  properties, 
was  produced.  The  seeds  were  then  separated  and  the  pulp  was 
thickened  with  meal  made  from  pounded  "chia"  (Salvia),  or  grass 
seed,  or  pine  nuts.  The  bony  seed  itself  was  pounded  into  meal, 
which  Dr.  Edward  Palmer  {'78),  who  seems  to  have  tried  it,  pro- 
nounces "  not  inferior  to  cocoanut,"  a  statement  which  may  be  accepted 
with  some  reservation.  The  terminal  bud  also  was  baked  and  eaten. 
The  CoahuillfL  name  of  the  palm  is  Mau-wai.  ■  Each  grove  was  the 
property  of  a  particular  clan,  to  whom  alone  belonged  the  right  to 
gather  the  fruit. 

An  insect  enemy. — The  desert  palm  is  not  known  to  be  infested  by 
any  parasitic  fungus,  or  to  be  subject  to  any  bacterial  infection.  Its 
sole  enemy  is  the  larva  of  a  Bosti^-chide  beetle,  Dinapaie  Wrightii 
Horn,  the  only  species  of  the  genus.  The  female  oviposits  at  the 
base  of  the  living  leaves,  whence  the  larva  bores  downward  through 
the  trunk,  its  rontinually  enlarging  galleries  becoming  at  length 
igmm  jjj  diameter.  These  arc  tightly  packed,  for  the  most  part, 
with  rejected  gnawings.  The  larval  life  of  the  insect  is  three  or 
four  years,  perhaps  even  longer.  The  mature  beetle  has  a  length 
of  fully  5*^"  and  is  the  heaviest  North  .American  coleopter. 

The  number  of  contemporaneous  larvae  that  may  inhabit  a  single 
trunk  has  been  estimated  as  high  as  200  or  300;  but  Mr.  W.  G. 
Wright,  who  discovered  the  beetle,  and  who  has  assiduously  investi- 
gated its  habits,  is  of  opinion  that  it  would  probably  not  exceed  50. 
But  even  such  a  horde  of  huge  and  voracious  grubs,  in  their  compara- 
tively long  life,  might  riddle  a  whole  trunk  with  their  galleries.  They 
seem  not  to  work  any  great  destruction  to  the  groves,  however; 
in  fact,  the  only  evidences  of  their  presence  to  the  ordinary  observer 
are  the  exit  holes  in  dead  trunks. 
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in  this  species,  occurriDg  in  nearly  half  the  specimens  in  our  posses- 
sioQ.  It  would  thus  appear  that  the  species  was  very  easily  stimu- 
lated to  the  formation  of  traumatic  resin  ducts. 

The  pith  is  not  well  shown  in  )ig.  i  on  account  of  the  partial  decay 
of  the  specimen.  In  fig.  j  it  appears  more  clearly,  and  it  is  possible 
to  distinguish  that  there  are  certain  dark  areas  in  it,  which  correspond 
to  islands  or  nests  of  sclerotic  cells,  similar  to  those  which  are  found 
in  the  medulla  of  the  Cretaceous  genus  Brachyphyllum.  The  pith 
is  relatively  large  in  size,  exceeding  in  its  proportions  that  found  in 
living  Cupressineae.  Fig.  j,  which  was  made  from  a  section  higher 
up  in  the  branch  than  that  which  supplied  fig.  i,  shows  on  the  upper 
right-hand  side  the  presence  of  a  small  portion  of  the  cortex  and  bark 
in  situ.  In  the  cortex  are  present,  although  this  feature  is  not  appar- 
ent in  the  figure,  the  same  islands  or  nests  of  sclerotic  tissue  which 
are  found  in  the  medulla. 

Fig.  2  shows  the  cross-section  of  another  iess  well-preserved 
stem,  which  has  fost  part  of  its  woody  tissues,  but  still  retains  a 
considerable  portion  of  its  bark.  The  apparent  cracks  in  the  wood 
represent  rows  of  resin  canals,  which  the  magnification  is  not  sufficient 
to  make  apparent.  Fig.  4  illustrates  a  part  of  the  same  stem  as 
that  shown  in  figs,  i  and  j,  under  a  higher  magnification.  The  row 
of  traumatic  resin  canals  can  be  particularly  well  made  out  here  and 
also  the  sclerifications,  which  appear  as  dark  spots  in  the  pith. 

Fig.  5  shows  a  portion  of  the  section  figured  in  fig.  i,  under  a 
considerable  degree  of  magnification.  The  absence  of  resiniferous 
cells,  such  as  are  a  feature  of  the  wood  of  the  Cupressineae,  can 
be  made  out.  A  number  of  rounded  cavities  appear  in  the  wood, 
which  are  the  traumatic  resin  canals.  By  their  rounded  contour, 
they  more  nearly  resemble  those  of  the  Abietineae  in  aspect  than  those 
of  any  other  of  the  Cretaceous  Araucarineae  which  we  have  studied. 
The  resin  canals  are  surrounded  by  one  or  more  layers  of  parenchyma 
cells,  which  appear  to  be  devoid  of  contents.  Often  there  is  present 
in  the  lumen  of  the  canals  themselves  a  dark-hued  substance,  which 
is  in  all  probability  a  fossil  gum  or  mucilage,  since  it  is  not  soluble  in 
any  of  the  numerous  solvents  of  resin  used  hot  in  the  process  of  pre- 
paring the  material  for  sectioning.  This  substance  apparently 
corresponds  to  that  described   as  present  in   the   traumatic  resir 
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Fig.  10  shows  the  structure  of  the  pith  in  our  species.  It  will  be 
seen  that  it  is  traversed  at  intervals  by  diaphragms  of  sclcrcnchyntatous 
cells,  which  strongly  recall  those  to  be  found  in  Abies,  Picea,  and 
certain  hard  pines.  The  stone  cells  are  arranged  in  longitudinal 
rows,  as  if  they  had  been  formed  by  the  transverse  divisions  of  a 
horizontal  series  of  mother  cells,  as  has  been  described  in  certain 
Calamites  and  Equiseta.  Fig.  ii  illustrates  the  character  of  the 
radial  pitting  in  our  species.  It  will  be  seen  by  examination  of  the 
pits  on  the  left  of  the  figure  that  some  of  them  are  in  intimate  contact 
and  are  mutually  flattened,  in  the  manner  characteristic  of  the  radial 
pitting  of  Araucarioxylon  Kraus.  There  is  a  clear  distinction  from 
the  typical  condition  in  Araucarioxylon,  however,  in  the  fact  that  not 
alt  the  pits  are  mutually  flattened,  but  some  of  them  are  rounded  in 
contour,  as  in  the  wood  of  the  Abietineae.  The  pitting  in  our  species 
is  thus  transitional  between  the  types  characteristic  of  Araucarioxyton 
and  Pityoxylon  or  Cedroxylon.  In  the  general  memoir  on  the  Coni- 
fers of  the  Androvette  Cretaceous  deposits,  it  has  been  proposed  that 
woods  of  a  type'transitional  between  the  modes  of  radial  pittii^  found 
in  the  Araucarineae  and  Abietineae  should  come  imder  a  new  genus 
Brachyoxylon,  taking  the  wood  of  the  genus  Brachyphyllum  as  the 
type.  Our  present  species,  however,  can  scarcely  be  put  under 
Brachyoxylon,  since  in  the  latter  the  terminal  and  horizontal  walls 
of  the  ray  cells  are  smooth  as  in  the  living  Agathis  and  Araucaria 
and  their  near  allies  of  the  Mesozoic.  In  the  species  under  discussion, 
by  contrast  the  terminal  and  horizontal  walls  of  the  ray  cells  are  both 
strongly  pitted,  as  is  typically  the  case  in  the  Abietineae.  If  other 
species  of  lignites  are  subsequently  discovered  which  agree  with  that 
under  discussion  in  their  essential  features,  it  will  probably  be  well  to 
establish  the  name  Araucariopityoxylon  or  some  convenient  abbrevia- 
tion of  it  for  their  reception.  So  long  as  the  type  is  represented  by  a 
single  lignitic  species,  however,  the  name  Araucariopitys  will  suffice 
both  for  the  branches  and  the  wood.  On  the  other  hand,  if  it  is  proved 
subsequently  that  Araucariopitys  represents  the  branches  of  Czekanow- 
skia,  as  we  strongly  suspect  to  be  the  case,  both  names  will  have 
to  be  merged  in  Czekanowskia. 

In  fig.  12  is  shown  a  highly  magnified  view  of  the  radial  pitting 
of  the  species  under  discussion.     The  lield  is  so  chosen  as  to  include 
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fied  image  of  the  transverse  section  of  the  axiUating  leaf  trace  as  seen 
in  longitudinal  section  of  the  axis.  There  is  obviously  a  considerable 
disturbance  in  the  arrangement  of  the  tracheids  of  the  axis. 

All  the  available  specimens  of  our  fossil  showing  the  bark  in  place 
are  unfortunately  badly  preserved.  They  confirm  the  conclusion, 
however,  that  Araucariopitys  possessed  deciduous  shoots  comparable 
with  those  of  living  pines  and  at  the  same  time  was  an  araucarian 
Conifer.  The  condition  of  preservation  in  the  corticated  specimens 
makes  it  possible  to  observe  that  the  deciduous  shoots  have  already 
fallen  in  branches  which  show  but  a  single  annual  ring  and  are  sub- 
tended by  definite  absciss  layers  occiuring  in  the  outer  cortex.  There 
are  no  peridermoid  tissues  present  except  in  the  limited  areas  immedi- 
ately opposite  the  deciduous  shoots. 

It  will  be  obvious  to  the  reader  that  in  the  coniferous  branches 
to  which  we  have  assigned  the  name  Araucariopitys,  there  are  featiu^s 
present  which  combine  in  a  remarkable  degree  the  anatomical  char- 
acteristics of  both  the  Abietineae  and  Araucarineae.  The  radial  pitting 
of  the  tracheids,  for  example,  as  has  been  shown  above,  is  dearly 
transitional  between  the  two  orders.  The  rays  tend  more  stroi^ly 
to  the  abietineous  side.  The  wound-reactions  of  our  Conifer  are  more 
like  those  of  the  Abietineae  than  are  those  of  any  other  known  Arau- 
carian. Finally,  the  genus  was  characterized  by  the  possession  of 
deciduous  shoots.  It  will  be  obvious  from  the  enumeration  of  the 
features  that  in  the  species  under  discussion  we  have  a  strong  arau- 
carian endowment  with  a  nearer  approach  to  abietineous  structure 
than  has  been  found  in  any  Araucarian  living  or  extinct.  Since  this 
is  the  case,  the  name  Araucariopitys,  etymologically  significant  of 
the  double  alBnities,  seems  appropriate. 

CONCLUSIONS 

It  appears  from  the  description  given  above  that  there  are  present 
in  the  Cretaceous  deposits  of  KreischerviUe,  Staten  Island,  N.  V., 
certain  branches  with  deciduous  lateral  shoots,  resembling  in  their 
relation  to  the  axis  the  brachyblasls  in  the  abietineous  genus  Pinus. 
Further,  it  is  apparent  that  in  spite  of  the  possession  of  deciduous 
shoots,  the  branches  in  question  belong  to  an  araucaraian  Conifer 
of  archaic  type,  as  is  shown  by  their  anatomical  structure.    The  wood 
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DIFFERENTIATION  OF  SPOROCARPS  IN  AZOLLA 

CONTRIBUTIONS  FROM  THE  HULL  BOTANICAL  LABORATORY  105 

Wanda  M.  PretiFEK 

(with  plates  XXXI  AND  XXXH) 

A  summary  of  the  work  on  AzoUa  up  to  1844  may  be  found  in 
Griffith's  (i)  account  of  Azolla  and  Salvinia.  Working  on  AzoUa 
pinnaia,  Gsiffith  began  his  account  with  the  development  of  the 
sporocarps.  The  earliest  stage  described  showed  two  sporocarps 
within  a  boodlike  involucre.  Each  sporocarp  consisted  of  a  cup- 
shaped  integument  and  a  cellular  body,  the  "nucleus,"'  which  was 
surrounded  by  the  "integument"'  and  projected  from  it.  Later  the 
"nucleus"  elongated  and  the  "integument"  grew  out  so  rapidly  as 
finally  to  inclose  it.  At  a  still  later  stage,  simple  capitate  "filaments"^ 
of  cells  developed  about  the  base  of  the  "nucleus."  Up  to  this 
point,  the  development  in  the  two  organs  had  been  similar.  After 
this,  there  might  be  a  development  of  either  the  "nucleus"  or  the 
cellular  projections  about  its  base,  but  in  no  case  did  both  continue 
growth.  In  cases  where  the  further  growth  was  in  the  "nucleus," 
Griffith  describes  it  as  developing  into  the  "so-called  male  organ" 
of  former  writers.  This  organ  consisted  of  an  egg-shaped  body, 
bearing  a  calyptra  and  containing  a  large  yellow  sac  capped  by  a 
peculiarly  stratified  body.  The  first  change  in  the  development  here 
was  a  granular  condensation  of  the  materials  of  the  "  nucleus."  When, 
on  the  other  hand,  only  the  "so-called  female  organs"  developed, 
the  first  step  was  the  appearance  of  a  granular  mass  in  the  swollen 
tip  of  each  of  the  "filaments,"  which  had  appeared  in  centrifugal 
order  about  the  base  of  the  "nucleus." 

Nearly  thirty  years  later  (1873),  Strasburger  (2)  wrote  Ueber 
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the  megasporocarp  a  siogle  sporangium  developing,  and  when  later 
he  found  only  one  megaspore  in  the  mature  sporocarp  he  naturally 
inferred  that  only  one  sporangium  had  appeared.  Referring  to 
Griffith's  work,  Strasbukges  suggested  that  in  case  more  than  one 
sporangium  did  appear  in  a  sporocarp,  it  is  more  likely  that  all  spo- 
rangia should  have  appeared  simultaneously,  and  that  later  those  about 
the  base  of  the  large  central  sporangium  should  have  aborted.  In 
the  microsporocarp  he  found  microsporangia,  in  numbers  as  high  as 
forty,  arising  from  a  short  "columella."  He  further  said  that  he 
found  no  sign  of  the  club-shaped  ending  of  the  columella  which 
Meyen  had  described  earlier. 

In  1889  Strasbcrger  (3}  reinvestigated  the  subject.  According 
to  that  account,  the  primordi*of  both  male  and  female  son  are  alike, 
since  in  each  case  there  arose  at  first  a  short-stalked  "  macrosporan- 
gium"  at  the  apex  of  the  a)lumella.  In  the  "  macrosporocaip" 
this  went  on  developing,  but  in  the  microsporocarp  its  growth  was  soon 
inhibited,  while  from  the  columella  beneath  it  roicrosporai^ial 
primordia  were  constantly  arising.  He  suggested  that  the  develop- 
ment of  one  or  the  other  might  depend  upon  the  method  of  nutrition. 

In  1893  Campbell  (4),  referring  to  AzoUa  filkuUndes,  wrote: 

For  some  time  each  sporocarp  rudiment  grows  by  a  tiiree-^ded  ajncal  cell. 
Next  a  sli^t  outgrowth  is  observed  near  the  base  of  the  young  sonis,  which  forms 
a  ring-shaped  projection;    this  is  the  beginning  of  the  indusium  or  sporocarp 

waJ! Fromthispoint,  the  twosortsof  son  differ.    In  the  macrosporic  one, 

the  apical  cell  forms  at  once  the  body  of  a  sin^e  sporangium ;  in  the  microsporic 

it  fonns  a  columdla,  from  which  latter  the  microsporan^a  appear  as  latenl 

outgrowths. 

In  speaking  of  the  megasporocarp  he  said : 

When  the  sporan^um  is  about  half  grown,  the  outer  cells  of  the  very  short 
stalk  grow  out  into  short  papillae,  which  apparently  are  abortive  sporangia,  as 
they  show  divisions  which  recall  the  earlier  ones  in  the  macrosporangium.  Thur 
position  corresponds  to  that  of  the  rolcrosporangia,  so  that  althou^  formed  much 
later  than  the  macrosporangium,  it  is  pretty  safe  to  assume  that  Azolla  is  derived 
from  some  form  in  which,  as  in  Salvinia,  there  are  several  macrosporanpa  in  the 

sporocarp In  the  ma]esorus,as  we  have  alreadyseen,  theapical  cell  of  the 

young  rudiment  does  not  form  a  sporangium,  but  gives  rise  to  a  central  columella 
or  [dacenta  from  which  microsporangia  arise  laterally,  while  the  end  projects 
as  a  cylindrical  body.  This  latter  was  observed  1^  Meven,  but  Stbasbckger 
seems  for  some  reason  to  have  overlooked  it.    I  found  it  in  all  of  my  sections  of 
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and  a  single  layer  of  tapetal  cells  surrounding  a  mass  of  eight  mega- 
spore  mother  cells  in  synapsis.  There  is  no  trace  of  an  annulus  of 
any  sort  to  be  found  either  at  this  or  any  later  stage.  By  this  time 
the  sporocarp  wall  has  usually  grown  up  so  as  almost  to  inclose  the 
sporangium,  while  the  stalk  of  the  sporangium  is  likely  to  be  at  least 
four  or  five  cells  in  diameter  (jig.  4).  While  the  mother  cells  are  in 
synapsis,  still  forming  a  compact  tissue  surrounded  by  a  layer  of  tapetal 
cells,  some  of  the  outer  cells  of  the  sporangium  stalk  enlarge  so  as  to 
form  short  papillae  (Jig,  5).  These  enlarged  cells  have  nuclei  larger 
than  those  of  the  other  stalk  cells,  and  very  soon  it  becomes  evident 
that  each  of  them  is  the  apical  cell  of  a  young  sporangitmi  {fig.  6, 
mc).  This  is  the  hrst  appearance  of  microsporai^ia  in  the  sporo- 
carp. Shortly  after  the  microsporangia  appear,  the  walls  of  the 
tapetum  in  the  megasporangium  disappear,  leavii^  tapetal  nuclei 
free  in  a  mass  of  cytoplasm.  Surrounded  by  this  tapetal  cytoplasm 
and  nuclei,  the  megaspore  mother  cells  have  now  separated  from  each 
other  and  become  rounded  off  (fig.  6). 

In  a  few  cases  the  growth  of  the  megasporangium  is  inhibited  at 
this  point.  When  this  occurs  the  megaspore  mother  cells  become 
shrunken,  the  tapetal  nuclei  appear  small  and  more  densely  granular 
than  in  the  healthy  sporangia,  and  the  cytoplasm  takes  on  a  coarse, 
loosely  granular  appearance.  As  this  breaking  down  goes  on  in  the 
megasporangium,  more  and  more  microsporangial  primordia  appear 
at  its  base.  This,  however,  is  not  the  usual  course  of  events.  Ordi- 
narily the  growth  of  the  megasporangium  is  not  inhibited  until  after 
it  has  passed  the  spore  mother-cell  stage. 

In  almost  every  case,  the  megasporangium  continues  its  growth  in 
size  while  the  young  microsporangia  are  developing  at  its  base. 
Finally  the  megaspore  mother  cells  divide  simultaneously  (fig.  7) 
to  produce  the  eight  tetrads  (fig.  8).  Even  while  this  division  of  the 
megaspore  mother  cells  is  taking  place,  growth  in  the  microsporangia 
continues,  as  is  readily  seen  by  the  fact  that  cell  division  sometimes 
takes  place  there  {fig.  7,  mc).  It  is  therefore  after  the  formatio 
the  megaspore  tetrads  (jig.  8)  that  the  critical  stage  in  the  devt 
ment  is  reached. 

At  this  stage  the  sporocarp  wall,  which  consists  of  only  two  la 
of  cells,  has  grown  up  beyond  the  apex  of  the  megasporangium 
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increasing  rapidly  in  size.  The  microsporai^ia  arise  in  basipetal 
succession,  have  long  slender  stalks,  and  each  sporangium  develops 
sixteen  spore  mother  cells.  As  the  growth  of  the  stalks  in  length 
and  of  the  capsules  in  size  continues,  there  is  a  consequent  broadening 
of  the  sporocarp,  which  makes  of  the  mature  microspwrocarp  a  round 
body,  quite  different  from  the  more  elongated  megasporocarp.  By 
the  time  the  oldest  of  the  microsporangia  have  reached  the  mother- 
cell  stage,  the  megasporangium  has  usually  collapsed,  so  that  unless 
one  happens  to  get  a  median  section  of  the  sporocarp  {figs,  ii,  iia) 
it  is  likely  to  escape  notice.  However,  I  fouud  several  microsporo- 
carps  in  which  this  collapse  of  the  mcgasporat^ium  did  not  occur. 
'  In  these  cases  the  cytoplasmic  contents  of  the  megasporangium  had 
broken  down  and  had  to  a  large  extent  been  rcsorbed,  but  the  spo- 
rangium wall  remained  turgid,  while  the  cells  of  the  stalk  at  the  base 
of  the  sporangium  had  grown  up  into  the  cavity  left  by  the  breaking- 
down  of  the  cytoplasm  {figs.  i2, 13).  In  one  case  {fig.  13)  this  growth 
had  continued  until  the  sporangium  was  nearly  filled  with  vegetative 
tissue. 

DISCUSSION 
While  Griffith,  in  1844,  interpreted  the  megasporangium  as  a 
male  organ  and  the  microsporangia  as  female  organs,  as  R.  Brown 
and  Meyen  had  before  him,  he  gave  an  accurate  account  of  the 
order  in  which  the  various  structures  of  the  sporocarp  appear.  Since 
the  appearance  of  Strasburger's  Ueber  Azolla,  writers  seem  largely 
to  have  overlooked  Griffith's  work.  Doubtless  this  is  due  to  the 
fact  that  Strasburger,  who  worked  largely  on  the  very  early  and 
the  mature  stages  of  the  development,  without  catching  the  inter- 
mediate stages,  suggested  that  probably  Griffith's  account  would 
not  hold  true,  since  it  seemed  more  probable  that  the  sporai^ia  would 
appear  simultaneously  in  the  megasporocarp  as  they  did  in  the  micro- 
sporocarp.  It  is  interesting  to  note  that  sixteen  years  after  Ueber 
Azolla  appeared,  Strasburger  again  gave  an  account  of  Azolla,  in 
which  he  affirms  that  the  primordia  of  the  two  sporocarps  are  alike, 
since  each  begins  with  the  development  of  a  megasporangium,  which 
in  the  mlcrosporocarp  soon  abons.  It  is  evident  that  he  no  longer 
thought  that  the  development  of  sporangia  in  the  microsporocarp  is 
simultaneous,  and  so  his  former  inference,  that  probably  the  mega- 
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sporocarp  is  like  the  microsporocarp  in  this  particular,  no  longer  has 
any  weight. 

Campbell,  writing  four  years  after  the  appearance  of  Stras- 
BORGES's  second  paper,  has  evidently  not  given  close  attention  to 
this  later  account  of  the  development,  or  he  might  have  been  led  to 
make  a  more  careful  study  of  the  columella,  which  he  found  in  all 
his  preparations  of  the  microsporocarp.  That  this  columella  actually 
represents  an  abortive  megasporangium  seems  not  to  have  occurred 
to  him,  although  Strasburges's  paper  would  have  suggested  it. 
The  nearest  approach  that  I  found  to  such  a  columella  as  Campbell 
figures  was  in  the  few  cases  where  the  vegetative  cells  of  the  stalk 
had  grown  up  into  the  cavity  left  by  the  collapse  of  the  cytoplasmic 
contents  of  the  megasporangium  {^gs.  is,  ij).  Any  section,  except 
the  median,  of  such  a  sporangium  as  that  shown  in  fig.  13,  would 
show  merely  a  club-shaped  mass  of  cells;  but  the  median  section 
shows  very  dearly  the  remains  of  the  broken-down  cytoplasm  and 
nuclei. 

To  one  who  has  noted  the  megasporai^ium  beginning  to  develop 
in  the  microsporocarp  and  then  aborting,  the  interpretation  of  the 
sporai^al  primordia  about  the  base  of  the  megasporangium  in  the 
megasporocarp  as  microsporangia  is  natural.  Campbell,  having 
missed  this  first  point,  seems  to  have  missed  the  second  one  also, 
since  he  infers  that  the  sporangial  primordia  in  the  megasporocarp 
are  megasporangial,  and  so  to  be  compared  with  Salvinia.  He  over- 
looks the  fact  that  in  Salvinia  the  appearance  of  sporangia  is  much 
more  nearly  simultaneous  than  in  Azolla. 

Of  all  the  accounts  of  Azolla,  Goebel's  most  nearly  portrays  the 
course  of  events  as  I  saw  it.  Yet  even  he  accepts  Strasbdrger's 
statement  that  the  abortion  of  the  megasporangium  in  the  microsporo- 
carp occurs  early.  While  at  first  sight  this  would  seem  to  be  the 
natural  course  of  events,  abortion  after  the  formation  of  the  mega- 
spores  really  carries  the  reduction  in  the  megasporangium  only  one 
step  farther  than  in  the  megasporocarp.  Lot^  ago  Strasburger 
saw  cases  in  the  megasporocarp  where  two  spores  developed  while 
thirty  aborted.  This  condition,  which  I  have  seen  a  few  times,  was 
readily  looked  upon  as  a  reversion  to  the  condition  in  which  more 
than  one  spore  developed  in  the  megasporangium.    The  abortion 
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of  all  thirty-two  spores  in  the  megaspoiangium,  which  holds  the 
central  pwsition  in  the  microsporocarp,  could  be  considered  a  further 
step  in  this  reduction. 

What  causes  the  abonion  in  one  case  of  thirty,  in  another  of  thirty- 
one,  and  in  a  third  of  thirty-two  mcgaspores,  is  a  question  not  easily 
determined.  It  would  seem  largely  a  matter  of  chance,  since  there 
is  no  external  factor  or  group  of  factors  responsible.  Very  often 
megasporocarp  and  microsporocarp  lie  side  by  side,  ha\'ing  begun 
their  development  from  two  apical  cells  which  were  formed  by  the 
division  of  a  single  cell,  and  having  continued  growth  with  their  sur- 
roundings as  nearly  alike  as  it  is  possible  to  make  them.  On  the 
other  hand,  there  is  no  internal  condition  that  we  can  say,  de&nitely, 
must  be  responsible  for  this.  There  is  of  course  the  possibility  that 
the  whole  thing  is  a  question  of  food  supply,  as  Strasburgek  sug- 
gested. If  there  should  be  some  change  in  the  cells  of  the  stalk 
below  the  megasporangium  making  them  impermeable  to  any  of  the 
materials  which  are  necessary  for  growth  in  the  sporangium,  the  inhi- 
bition of  growth  there  would  be  a  natural  result.  That  the  food  supply 
thus  kept  from  the  megasporangium  should  then  be  used  for  the  further 
development  of  the  microsporangium  at  the  base,  seems  a  plausible 
supposition.  In  cases  where  the  cells  of  the  stalk  later  grow  up  into 
the  mcgasporangial  cavity,  one  would  have  to  suppose  a  regaining  of 
permeability  of  the  cells  to  food  materials.  Such  changes  in  the  cells 
from  permeability  to  a  given  substance  to  impermeabilitv  and  back  to 
permeability  are  quite  possible  physiologically. 

f 

SUMMARY 

I.  The  early  development  of  megasporocarp  and 
are  exactly  similar.  Each  begins  development  with 
sporangium  and  a  sporocarp  wall.  When  the  megai 
reached  the  stage  in  which  eight  spore  mother  cells  : 
some  of  the  outer  cells  of  the  stalk  enlarge  and  be( 
cells  of  young  microsporangia.  Growth  in  the  raicr 
megasporangium  now  goes  on  simultaneously  for  so 
tapetal  walls  of  the  megasporangium  disappear  and  1 
separate  from  each  other  and  round  off,  while  the 
at  the  base  continue  development,  differing  in  appea 
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FiC.  t.  A  very  young  sporocarp  showing  the  beginning  of  the  meguporan^um 
and  sporocarp  wall, 

FiC.  2.  A  stage  later  than  ^g.  i. 

Fic.  3.  A  still  later  stage;  the  primary  tapetal  ceUs  have  been  cut  off  in  the 
megasporangium. 

Fig.  4-  A  consideniHy  later  stage;  the  megasponmgiuin  b  in  the  mother-cell 
stage,  but  no  microspoi&ngial  primordia  have  yet  appeared. 

Fig.  5.  A  little  later  than  fig.  4;  the  microsporangial  primordia  are  appearing. 

Fig.  6.  The  microsporangia  have  begun  growth;  in  the  megasporangium 
the  tapetal  walls  have  disappeared. 

Fig.  7.  The  heterotypic  division  of  the  megaapoie  mother  cells;  growth  in 
the  microsporangium  continuing. 

/'  PLATE  XXXII 

nFig.  8.  A  still  later  stage. 

Fig.  9.  A  megasporocarp  that  can  be  readily  recognized  as  such;  micro- 
sporan^a  have  ceased  growth. 

Figt.  lo-ij  show  conditions  found  in  the  microsporocarp. 

Fig,  10,  A  microsporocarp  of  about  the  same  age  as  the  sporocarp  in  fig.  p; 
the  microsporangia  are  appearing  in  large  numbers. 

Fig.  II.  The  central  portion  of  an  older  microsporocarp,  showing  the  micro- 
sporangium  with  microspore  mother  cells,  mem. 

Fig,  iia.  An  oudine  sketch  of  the  whole  sporocarp,  a  portion  of  which  is 
enlarged  in  fig.  11. 

Fig.  ti.  One  of  the  abortive  megasporangia,  into  which  the  cells  of  the  stalk 
are  beginning  to  grow. 

Fig.  13,  An  abortive  megasporantpuro  which  has  been  nearly  filled  by  the 
upward  growth  of  the  celb  of  the  stalk. 
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best  l»ief  texts  in  English  that  ait  iTsilkbk  (or  dtmentuy  stodents.  Its  iarae 
hf  an  American  boiue  will  make  it  much  more  acceasible  for  Ametiaut  stu- 
dents.—C.  R.  B. 

MINOR  NOTICES 
The  wytatloB  of  Ttaaa. — BsAy*bai  nude  a  {maentatioD  ma  most  attractive 
booklet  of  the  various  eaAopai  featum  of  the  Texas  vegetation.  TIm  style  of 
the  work  is  popular,  inaffmch  as  the  design  of  the  author  was  to  make  the  general 
features  of  the  ngctatioi)  erf  the  state  a  matter  of  interest  to  student!  in  the  schools 
and  citizens  genoislly.  First  the  ftctois  of  plant  cnvinHuncnt  are  oooatdered, 
detailed  application  being  made  Id  the  familiar  plants  of  the  staK.  Next  follows 
an  acixiunt  of  the  [dant  societies,  treated  chiefly  after  the  oidcr  of  Schiupem.  It 
is  here  especially  that  one  may  see  the  astontdiing  vaiiety  that  is  to  be  found  in 
Texas.  The  woodlands  range  from  the  fine  bottomland  and  pine  forests  of  the 
southeast,  thiou^  post-oak  or  live-oak  forests  to  the  western  chaparral.  Again 
in  the  mountains  the  characteristic  conifer  forests  of  the  Rocky  Mountains  are 
to  be  found.  There  are  also  extensive  areas  of  piaiiie  and  desert.  Last  of  all  b 
considered  the  vegetation  of  the  wattr,  halopbytic  areas,  and  dunes.  It  b  probable 
that  somewhere  in  Texas  any  citizen  of  the  entire  country  (except  the  far  west) 
could  find  familiar  plant  formations,  so  great  b  the  variety.  It  b  to  be  hoped  that 
thb  most  excellent  work  will  be  made  of  great  use  throu^iout  the  state.  For  the 
purpose  it  b  probably  the  best  work  that  any  of  our  states  poncsaes.  There  ate 
some  good  maps,  and  a  number  of  photographic  representations  of  characteristic 
landscapes  and  vegetation  types.— Hensy  C.  Cowles. 

Ecol^tcal  exploration  in  northern  Uchigan. — Few  have  recently  done  more 
to  advance  the  frontier  lines  of  ecology  than  has  C.  C.  Adahs,'  and  it  may  be 
said  that  hb  report  on  the  survey  of  parts  of  northern  Michigan  b  the  record  of 
essentially  pioneer  work.  Thb  b  probably  the  first  paper  to  extend  the  principles 
of  phys)<%rai^  ecology  to  the  biota  of  a  region.  It  b  obvious  that  the  future 
must  see  much  work  of  thb  character,  for  it  b  only  by  such  studies  as  this,  carried 
on  by  a  number  of  ecological  specialists,  that  the  complex  mterrelatioRS  of  any 
biota  are  to  be  worked  out.  There  are  three  special  ecological  papers  in  thb 
report.  A,  G.  Ruthveh,  who  had  charge  of  the  field-work,  under  the  super- 
vi»on  of  Mr.  Adaus,  presents  an  account  of  the  regions  studied,  the  Porcupine 
Mountains  and  Isle  Royale.  The  chief  feature  here  b  the  detailed  description  of 
the  representative  stations  that  were  chosen  for  study.  In  each  case  the  character- 
istic plants  and  animab  are  noted,  and  the  physiographic  and  ecological  dynamics 
are  elucidated.    Papers  follow  on  the  ecological  distribution  of  tlie  birds  of  the 


!  Adaus,  Cbablcs  C,  An  ecological  survey  in  northern  Michigan.     From  report 
of  Mithigan  Stale  Board  of  Geological  Survey  for  1905.  pp.  133.  Lansir^.   1906. 
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—Epk(,ira  di-.ivkyt  bn  htat  snJicd  icosiIt  br 
MiM  Httmiii'it.  uA  Mm  ^ksi/ay.'  vivi  b^i  t«^  nujkedh-  cw^uaI  aiafe  nadn 

tji;«  'rut  '4  U^  ot/'/'Uuy-k  ir^u  ir.d  pa&^irs  to  tbe  c^  csdros.  Ahbou^  no 
OUK  -A  {•i\)iia  wi»  'j'yMrn'ji,  (crtiUzaii^  b  li/^uEfct  to  oanir  bemsc  pmanbcru 
wc  (ryuri'l  w.'.i'Jj  ilt«  aui-v/rs  can  af-icojat  feir  in  wj  othw  war  than  by  suppoekig 
fcrtJli/^lr'n  haA  'XiiJinrd,  The  jatitrt  <*:ii  arise  at  the  same  time  b  tiie  omtnl 
(elU.  \jtSKT  tfn:  nu'.ki  nf  the  juiliet  ctils  Hii-ide  by  direct  division,  the  binndeatt 
trS\%  t^iUrt/K  ut'i  \itijime  pngiA  vith  U71A.  and  LSe  wall  of  ibe  e^  breaks  down, 
(«enriiiting  t>ie  jaf.ktrt  tiu'lti  n  cKai*.  The  jacket  nuclei  fuse  in  paiis  within 
the  e(rj(  and  ^ivc  rts«  to  [n-'icmbryis.  In  some  cases  tbe  pmembryoG  aic  mady 
enUirgH  jai.kct  ci.-IIa,  iirfemljryonal  cells  occur  within  jacket  cells  not  adjaont 
b>  ar'.hc'Kiinia,  and  mii;ratiiin  and  fu.sti>D  of  the  nudei  of  neig^tioriDg  jacket  cclb 
[jreij;dc  iJic  fDrmaliiin  of  these  prf^mliryos.  These  are  startling  claims  to 
make  in  umneition  with  tfie  emljrj'o^ny  of  a  KjTnn'isperm. — W.  J.  G.  LasB. 
Itami  of  tAxonomlc  latetMt.— N.  C.  Kis'dbekc  (Rev.  Bry.  34:87-91.  1907), 
In  nijlr*  on  N'orth  American  TniY%vti,  has  described  new  species  under  Pseudo- 
Ic.nkedla,  Ify[inum  (i),  DichiMlontium,  Grimmia  (i),  Bryum  (4),  and  Pohlia. — 

"  IUymsh,  Jks^ck  S,,  On  Ihn  ga]vanotriijii>)n)  nf   nxits.     Annals  of  Botany  21: 

1  BKBHiimK,  KTirEL  M.,  onil   SANFJAy,  Klizaukth,  oogenesis  and  embryogcny 
in  Kphtdra  dislachya.     New  PhyUiUinin  6:i3H-i,n,  167-174.  pit.  3,4.   1907. 
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by  Haberlandt,  he  reports  uniformly  positive  results,  both  with  aDd  without 
the  darkening  of  the  petiole;  whence  he  concludes  that  "the  lens-function  does 
not  stand  in  direct  causal  connection  with  the  perception  of  the  direction  of 
light  by  the  leaf-blade."— C.  R.  B. 

Branching  in  palms. — In  1893  MosBiS'^  brou^t  together  what  had  been 
recorded  concerning  the  branching  of  palms,  which  was  regarded  as  an  abnormal 
phenomenon.  Ridley,'*  who  has  had  eighteen  years  of  experience  in  the  orien- 
tal tropics,  has  now  much  extended  our  knowledge  of  this  phenomenon.  He 
believes  that  the  greater  number  of  palms  are  branched  at  least  at  base,  and 
that  the  production  of  a  single  axis  from  a  seed  may  be  regarded  as  the  "abnor- 
mal" condition.  Lateral  buds  are  produced  at  or  near  the  base,  and  these 
become  erect  stems,  in  some  cases  the  whole  plant  eventually  becoming  a  bush; 
or  these  lateral  buds  may  develop  as  subterranean  branches  that  send  up  a  suc- 
cession of  erect  stems  (branches).  Heretofore  the  branching  of  palms  has  been 
thought  of  only  in  connection  with  the  crown,  but  Ridley's  observations  indi- 
cate that  the  group  is  perhaps  characterized  by  a  tendency  to  basal  brancbing. — 
J.  M.  C. 

Spirogyra. — Dr.  Fritsch  and  Miss  Ricii'<  have  begun  a  series  of  studies  of 
the  British  freshwater  algae,  the  first  one  dealing  with  Spirogyra.  The  principal 
topics  are:  "The  occurrence  of  Spirogyra  in  nature,"  "The  reproduction  of 
Spirogyra  in  nature,"  and  "Points  of  systematic  interest."  The  species  exammed 
were  either  purely  vernal  or  exhibited  both  a  vernal  and  an  autumnal  phase. 
The  autumnal  appearance  of  certain  species  is  thought  to  be  due  to  certain 
external  conditions  that  cause  a  small  number  of  zygospores  to  germinate. 
"Reproduction  takes  place  ordinarily  in  the  vernal  phase,  and  is  most  probably 
the  result  of  certain  periodically  recurring  combbations  of  factors,  which  vary 
for  different  species;"  in  support  of  which  view  the  authors  present  a  consider- 
able number  of  data. — J.  M.  C. 

Limiting  factors  and  growth. — A.  M.  Smith,  late  a  pupil  of  Blackuan  at 
Cambridge,  has  carried  out  a  thorough  study  of  the  rate  of  growth  in  a  number 
of  plants  at  different  stations  in  Ceylon,  applying  to  the  discussion  of  his  results'' 
Blackhan's  fruitful  theory  of  limiting  factors.    In  Agave  and  Furcraea  tcm- 


<i  Morris,  Daniel,  On  (he  phenomena  concerned  in  the  production  of  forked 
and  branched  palms.    Jour.  Linn.  Soc.  London  Bol.  19:181.   1893. 

■•Ridley,  H.  N.,  Branching  in  palms.  Annals  of  Botany  31:415-411.  pU. 
34-39.   1907. 

•s  Fritscb,  F.  E,,  and  Rich,  Florence,  Studies  on  the  occurrence  and  repro- 
duction of  British  freshwater  algae  in  nature.  1.  Preliminary  observations  on  Spiro- 
gyra.    Annals  of  Botany  31:413-436.   1907. 

'*  SuiTH,  A.  M.,  On  the  application  of  the  theory  of  limiting  taciois  to  measure- 
ments and  observation  of  growth  in  Ceylon.     Annals  Roy.  Boi.  Gardens  Peradeniya 

3:303-375.    fib.  2Z-3S-    1907- 
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perature  (probably  the  interaal  temperature  of  the  growing  parts)  always  was 
the  limiting  factor,  while  in  Dendrocalamus  sometimes  the  water  supply,  some- 
times the  temperature  was  limiting.  In  Capparis  and  Stifftia  it  seems  to  be  the 
water  supply  by  day  and  temperature  by  night;  in  Vitb  the  temperature  in 
January,  and  the  water  supply  in  July.  The  paper  b  a  most  suggestive  one. 
It  seems  quite  likely  the  conflicting  data  on  growth  can  be  harmonized  by  further 
study  along  this  line. — C.  R.  B. 

Infectiout  chlorodt. — Baitk''  reports  that  the  variegated  forms  of  Ligustrum 
vulgare,  Libumitm  vulgare,  Fraxinus  pubescens,  Sorbui  aucuparia,  and  Pkka 
irijotiala,  which  are  propagated  by  cutting,  owe  their  yellow  or  variegated  leaves 
to  an  infectious  chlorosis  like  that  recently  described  in  detail  for  AbulUon  Tkomp- 
soni.  A  yellow  variety  of  PIdta  tri}<^iata,  however,  which  can  be  grown  from 
seed,  is  a  true  aurea-iana,  and  its  condition  is  not  transmissible  by  infection. 
Baur  expects  to  find  this  disease  widespread,  when  time  avails  for  examinmg 
the  many  wild  and  commercial  variegate -leaved  plants.  He  intends  to  make 
his  next  task  the  isolation  of  the  problematic  infecting  material.— C.  R.  B. 

The  primarj  urodoapore.— Cehistuan'*  has  investigated  the  development 
of  the  so-called  primary  uredospore  of  Pkragmidium  polfntillae  canadtnsis.  He 
Inings  out  the  resemblance  between  the  true  aecidium  and  the  primary  ui«do, 
the  spores  in  the  two  cases  being  morphological  equivalents.  The  relation  of 
these  results  to  the  life-history  as  a  whole  is  presented  in  a  later  paper  published 
in  this  journal." — J.  M.  C, 

Anaerobic  respiration. — Stoklasa  and  hb  collaborators '°  report  further 
successful  isolation  of  the  enzymes  which  in  the  absence  of  oxygen  break  up 
carbohydrates  in  plant  cells  into  lactic  acid,  and  then  into  alcohol  and  C0|. 
Zymase  is  responsible  for  the  lactic  add;  lactacidase  for  the  alcoholic  fermentation, 
with  hydrogen  as  a  by-product.  Thb  seems  indirectly  to  support  PoLLAca's 
bypothesb  that  in  photosynthesb  we  have  reduction  of   CO,  .  by  H. — C.  R.  B. 


"  Bau»,  Ebwin,  Ucber  infekliOse  Chlorosen  bei  Ligustrum,  Laburnum,  Fraxi- 
nus, Sorbus,  und  Ptelea.     Ber.  Deulsch.  Bot.  Gesella.  35:410-413.   1907. 

is  Chmstmah,  a.  H.,  The  nature  and  development  cA  the  primary  uredospore, 
Trans.  Wis.  Acad.  Sci.  15:517-316.  pi.  29.  1907. 

■4  Chkistman,  a.  H.,  Alternation  of  generations  and  the  morphology  of  the  spore 
forms  in  rusts.    Bor.  Gazette  44:81-101.  pi.  7.  1907. 

ioStoelasa,  Ernst,  and  CBOCENSCf,  Ueber  die  anaerobe  Atmung  der  Samen- 
pflanien  und  ilber  die  Isolierung  der  Atmungsenzyme.  Ber.  Deutsch.  Bot.  Gesella. 
35:131-131.  1907. 
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Dk.  Raymond  H.  Po!n>,  recently  of  the  New  York  Botankal  Gaiden,  bu 
sailed  for  Germany,  to  study  under  Pfettek  at  Leipzig. 

Db.  Richard  Wettstein,  Vienna,  has  been  elected  piesideat  of  the  "Asso- 
ciation of  Gennan  Men  of  Science  and  Physicians,"  to  meet  next  year  at  Cologne. 

Db.  Ezsa  Brain'ERD,  well  known  among  botanists  for  his  work  on  the  flora 
of  Vermont,  has  resigned  the  presidency  of  Middlebury  College,  an  institution 
which  be  has  served  for  43  yean. 

The  Bryologist  for  November  offers  the  usual  interesting  fascicle  of  notes 
on  mosses,  liverworts,  and  lichens.  The  brief  contributions  of  many  observeis 
and  students  of  these  plants  are  of  real  service. 

Pbofessor  J.  Behbens  has  been  called  to  the  directorship  of  the  biological 
Experiment  Station  at  Berlin-Dahkm  (the  seat  also  of  the  Imperial  Botanic 
Garden),  as  successor  to  the  late  Professor  R.  Aderbold. 

J.  ABTHtJK  Harxis,  Missouri  Botanical  Garden,  has  been  appointed  on  the 
staff  of  the  Carnegie  Station  for  Experimental  Evolution  at  Cold  Spring  Harbor, 
to  succeed  E.  N.  Transeau,  now  at  the  State  Nonnal  School,  Charieston,  lUinob. 

PsOFESSOR  LuDWIC  JoST,  of  the  University  of  Strassburg,  has  been  called  to 
the  State  Agricultural  College  at  Bonn-Poppelsdori'  and  to  an  assistant  professor- 
ship in  the  Univei^ty  of  Boim,  as  successor  to  Dr.  Fritz  Noll,  who  went  to 
Halle. 

In  the  September  number  of  the  Chauiauquati,  a  series  of  articles,  entitled 
"Some  great  American  scientists,"  begins  with  a  biographical  sketch  of  AsA 
Gray,  by  Professor  C.  R.  Barnes.  The  frontispiece  of  the  number  is  a  portrait 
of  Dr.  Gray. 

Mr.  a.  H.  Costiss,  the  well-known  collector  of  plants  from  the  southeastern 
United  States  and  West  Indies,  whose  sets  are  widely  distributed  and  hi^y 
prized  in  the  herbaria  of  the  world,  died  at  his  home  in  Jacksonville,  Florida, 
September  i,  at  the  age  of  62  years. 

J.  E.  KiRKWOOD,  formerly  of  Syracuse  University,  has  been  appointed  assistant 
botanist  to  the  Mexican-Continental  Rubber  Company,  whose  laboratory  is 
at  Hacienda  de  Cedros,  Mazapil,  Zacatecas.  It  is  in  this  company  that  Frakcis 
E.  Lloyd  is  director  of  investigation,  with  the  same  laboratory  address. 

Clark  Hall,  of  the  Massachusetts  Agricultural  College,  the  new  building 
named  after  Colonel  Wujjau  S,  Clark,  an  enthusiastic  botanist  and  one  of  the 
lents  of  the  institution,  was  dedicated  on  October  3.  Addresses  weic 
'rofessor  D.  P.  Penhallow,  McGill  University,  on  "William  Smith 
I  place  as  a  scientist  and  his  relation  to  the  development  of  scientific 
;"  and  by  Professor  John  M.  Tyler,  Amherst  College,  on  "Reminis- 
:olonel  W.  S.  Clark." 
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Skikkishi  Hatai.  With  four  colored  plates. 
14  pp.,  4to,  paper;  net,  75  cents;  postpaid, 
78  cents. 

ANATOMY 

A  Description  of  the  Biains  sjid  Spinal  Corda 
of  Two  Brothers,  Dead  of  Hereditary 
Ataxia,  of  the  Series  in  the  Family  Dft- 
scribed  by  Di.  Sanger  Brown.  By  Lewf.llvs 
V.  Barker.  With  three  heliotype  plates  and 
(orty  figures.  50  pp.,  4to,  paper;  net,  ^2.00; 
postpaid,  f  2.o6. 

medical  Diea.    I1  shows  a  protound  inijght  Hod  knowledfe 

"  AliOBcfhcr  li  is  an  claboWe  and  *ell.eieculed  euey,'* 
^Midical  R fiord. 

The  Distribution  of  Blood-Vessels  in  the 
Lebyiinth  of  the  Ear  of  Sua  Scrota  Domes- 
ticus.    By  George  E.  Shambaugh.    With 

eight  colored  plates.     20  pp..  4to,  paper;  net, 
$1.25;  postpaid,  f  1. 2g. 
The  Structure  of  the  Olands  of  Brunner.    By 

KOBEKT  K.  BensleV.     With  live  plates.      $0 
pp.,  4(0,  paper;    net,  $1.00;   postpaid,  tl.05 
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THE  NATION, 

20  Vesey  St.  New  York 


and  tbe  conclusions  oDereC  are  based  on  tbe  results  ot  expenments  made  tn  nearly  all  civilized 
countries. 

'l^hapters  in  Rural  Progress 

By  KENYON  L.  BUTTERFIELD,  President  of  the  Massachusetts  Agricultural 
College 

370  p«(m,'Bto,  clDth;  net  9i'3Si  poatage  extra 
'i'^"  increasing  interest  in  rural  matters,  springing  from  tbe  renewed  devotion  to  out- 
i  now  including  the  technical  aspects  of  modem  agriculture,  is  gradually  being 
embrace  the  field  of  economic  and  social  investigations.  At  present  the  literature 
sociological  phases  of  rural  life  is  particularly  meager.  President  Butterfield's 
zes  the  social  aspects  of  rural  communities  and  describes  some  of  the  newer  move- 
ing  in  tbe  expansion  of  country  life. 


By  GEORGE  W.   MYERS  and  the  Instructors  in  Mathematics  in  the  Univer- 
sity High  School 

go  p*E«*i  iimo,  cloth;  net  75  Mnta,  poatpald  Sa  cent* 
Nx>k  supplies  means  for  holding,  through  the  second  year  geometry  course,  the 
;  in  algebra  during  the  first  year.  By  the  use  of  geometric  problems  to  be 
solved  the  course  serves  the  three-fold  purpose  (i)  of  keeping  algebraic  pro- 
ilinual  use,  (3)  of  holding  the  unity  of  the  geometrical  course  intact,  and  (3)  of 
many  connecting  by-ways  and  overlapping  districts  of  the  two  domains  of  ele~ 
dtbematics. 
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Old  Testament  and  Semitic  Studies  in  Memory  of  William  Rainey 
Harper 

Edited    by   ROBERT    FRANCIS    HARPER    of  the    University    of    Chicago. 
FRANCIS   BROWN   of  Union   Theological   Seminary,    and    GEORGE 
FOOT  MOORE  of  Harvard  University 
1  TolnniM,  eacli  abont  400  pa(M,  nf»l  Sto,  doth;  net  $10.00,  poatag*  urtra 
The  collection  contains  a  portrait  and  an  account  of  the  life  and  woi^  of  Wtlliam 
Rainey  Harper.     An  edition  of  seven  hundred  copies  will  be  printed  from  the  type.     Sold  by 
subscription  only. 

Descriptive  Geography  of  Palestine 

By  PROFESSOR  LEWIS  BAYLES  PATON,  of  Hartford  Theological  Seminu-y 
96  paEN,  8to,  cloth 
Recent  residence  in  Jerusalem  and  a  thorough  study  of  the  literature,  both  ancient  and 
modem,  have  qualified  the  author  of  this  little  volume  to  write  interestingly  and  authori- 
tatively on  the  topography  and  archaeology  of  the  Holy  Land.  The  facts  as  presented  are 
precisely  those  which  the  student  of  the  Bible  needs  to  know.  The  book  will  be  fully  illus- 
trated, and  will  constitute  a  notable  contribution  to  the  subject. 

Sidelights  on  Biblical  Chronology,  Part  i 

By  OI.AF  A.  TOFFTEEN,  Professor  of  Semitic  Languages  and  Old  Testament 
Literature  in  the  Western  Theological  Seminary 

This  is  an  examination  of  the  data  furnished  by  the  monuments  bearing  on  biblical  his- 
tory, and  constitutes  an  elaboration  of  the  first  chapter  in  AttcUnt  Chronology.  While  it 
would  be  perhaps  too  much  to  say  that  Dr.  Toffteen  reaches  conclusions  altogether  new,  he 
has  displayed  the  same  independence  of  research  and  reasoning  which  characterizes  his  treat- 
ment of  the  broader  subject  of  "ancient  chronology."  The  result  is  an  able,  fearless,  and 
scholarly  statement  of  views  concerning  historical  data  of  the  Bible. 

Value  and  Distribution 

By  HERBERT  J.  DAVENPORT,  Assistant  Professor  of  Political  Economy  in 
the  University  of  Chicago 

50a  pages,  Sto,  cloth 
The  author  thus  defines  his  position  in  his  preface:  "Since  the  time  of  Adam  Smith, 
economic  theory  has  been  in  possession  of  doctrines  enough  for  a  reasonably  complete,  con- 
sistent, and  logical  system  of  thought — if  only  those  doctrines  had  been,  with  a  wise  eclec- 
ticism, properly  combined  and  articulated.  The  emphasis  in  the  present  volume  upon  the 
entrepreneur  point  of  view  in  the  computation  of  costs  and  in  the  analysis  of  the  process  by 
which  distributive  shares  are  assigned,  has  nothing  new  in  it;  it  was  necessary  only  that  the 
point  of  view  be  clearly  distinguished,  consistently  held,  and  fully  developed." 

The  Process  of  Government :     A  study  of  Social  Pressures 

By  ARTHUR  F.  BENTLEY 

43a  pages,  Svo,  cloth 
The  author  gives  a  critical  review  of  current  analyses  of  the  process  of  government, 
i  then  elaborates  a  theory  in  which  "social  pressures" — i.e.,  the  stresses  exerted  by 
various  social  elements — are  treated  as  a  basic  factor.    The  work  is  not  intended  for  the 
eral  reader,  the  technical  vocabulary  of  political  science  being  freely  used.V^iOO^^IC 
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A.  C.  McCLDRG  &  CO.'S 

Aids  to  Educators 
and  Students 

General  Book  Catalogue  1907-08 

This  Cat^ogue  has  a  satiooal  reputation  a5  the  most 
comprehensive  list  of  new  and  recent  standard  books 
issued  by  any  book  house.  It  contains  about  500 
paaes,  inciuding  an  index  of  over  lOO  pages,  and  is 
carefully  classified  by  subjects.      PKICE  50  CEHTS. 

OTHER  CATALOGUES 

FteeayM  «q— t 
BOOKS  0»  ABT.     .\  new  and  complete  descriptiye  list  of  all 
works  piertatTiiD^  to  art,  archiiectnre,  craftsmanship,  mosic, 

and  all  sin.ilar  interests. 
FSXVCH,  ITAIIAI,  ASD  SPASISH  B00K&     A  «^  and  care- 

i'jl.v  prepared  list  of  the  works  in  these  languages  wfaicb 
ve  carry  in  slock  or  can  order.  It  is  exceptioaally  com- 
plete. 

TECHBICAL  BOOKS.  A  nru-  descriptive  list  ofscienlificworks, 
classified  by  subjects,  compiled  by  a  committee  of  the 
Society  for  the  Promouon  of  Engineering  Education. 

OLD  ASD  RARE  BOOKS.  Kw  annual  publicatiot>  of  the  great- 
est interest  to  lovers  of  fine  editions,  rare  volumes,  and 
beautiful  bindines.  It  is  the  standard  reference  list  of 
these  special  lines. 

HOVTHLT  BUIXETIK  OF  FEW  BOOKS.  A  monthly  descrip- 
tive list,  wiih  illustrations,  of  every  new  publication  as 
soon  as  received  in  our  retail  store.  It  is  impartial  and 
conipleie  in  every  respect. 


OUR  STOCK 

THE  LARGEST  STOCK  IN  THIS  COUNTRY 

OF  THE  BOOKS  OF  ALL  PUBLISHERS 


A.  C.  McCLURG  &  CO. 
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B7  WILLIAH  I.  THOMAS 

THIS  volwne  approacbea  the  qneitian  of  woman  and  her  poiitks  in  aodety 
from  a  new  ttuidpotnt.     It  reoogniKt  tbu  sea  U  a  fuDdamental  factor  !■ 

the  origin  and  developmeni  of  locial  iutitntioiu  and  occapaiiofial  activi- 
iIm,  and  that  a  nnmber  of  tocial  Emm*  and  forcet  are  of  feznal  origiD. 

After  a  prdlininaTy  paper  in  which  the  Mganic  diScrencea  of  the  two  iricig 
u«  analjted,  there  foUowa  a  aeries  of  Mndic*  on  the  relation  of  aex  to  aociml 
ieclins  and  Uimnlalimi,  mod  die  infliieace  of  lex  in  aecnriag  a  lystem  of  locwl 
COn^S;  die  piychology  of  the  maternal  qrMem  of  tribal  organiiatioo;  acx  a>  m 
factor  bx  the  differentiation  of  occnpationi  ia  early  •odety,  and  the  relation  of 
woman  to  early  indnitrr  and  inventioo;  the  rdation  of  ks  totbe  origin  of  moral- 
kj;  the  origin  of  exogamy;  the  origin  awl  pajrchology  of  modeaty  and  clothing. 

la  the  laft  two  paper*,  on  "The  Adroititiou*  Chancier  of  Wonan"  and 
"Tlie  Mind  of  Woman  and  dte  Lower  Races,"  modem  woouui  is  interpreted 
from  the  standpoiat  of  certain  coaventioa*  and  prqndices  which  emanate  froa 
Oe  fact  of  sex,  and  which  hikve  excluded  her  from  full  paiticioatiaa  io  tbs 
nctivitie*  of  the  "white  man's  world,"  widt  the  rcsoil  that  she  derclops  a  type  of 
ndnd  and  cbatacter  not  represealadre  ol  the  oamnl  traits  of  her  sex. 

Former  treatises  on  the  "wotnan  ipenion"  have  dealt  in  the  main  ia  a  d^ 
scripdTe  way  with  the  history  of  marriage,  or  at  least  only  with  the  details  of  di« 
derek^Hnent  of  the  marriage  system,  and  hare  failed  to  present  a  theory  which 
ot^tes  clear  the  stgitHUmic*  of  the  present  position  of  woman  in  society.  Thm 
volume  of  Professor  Thoous  is  the  first  attempt  made  to  estimate  dte  ioAaeacs 
of  the  fact  of  sex  on  the  origin  and  development  of  homan  society. 
300  p^M,  lamo,  cloth;   net  I1.50,  postpaid  %i.6i 
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The  Silver  Age  of  the  Greek  World 


'"TV  Itudeott  of  ancient  life  utd  tbongbt,  Proiesior  MahaBy'i  uholarly  Tolnmee  on 
^  tbe  hiitory  of  Greek  civiliiation  need  00  introdnctioD.  For  thii  patticolu 
period,  no  modern  authority  lanki  above  him  in  the  cMiinalion'ol  scholan.  Indeed, 
In  the  mindi  of  thoniaDdi  of  readert,  the  ancient  world  is  ■  world  recreated  by  tlti* 
delightful  writer — a  world  with  a  clear  ait  and  a  lercDe  iky.  The  labile  chann  of 
hll  llyle  will  be  fonnd  to  have  in  no  wise  diminisbed  in  tbii,  hii  lateit  book. 
The  aathor'i  purpose  ii  well  Elated  in  the  following  citiact  from  tbe  preface: 
"Thii  book  is  intended  to  replace  my  Grtti  Werld  under  Raman  Sway,  now  oat  oi 
print,  in  a  maturer  and  better  form,  and  with  much  new  material  luperadded.  TheiS 
bai  grown  up,  since  its  appearance,  a  wider  and  more  intelligent  view  of  Greek  life, 
and  people  are  not  satisfied  with  knowing  the  Golden  Age  only,  without  caring  for 
what  came  before  and  followed  after.  Id  this  Silver  Age  of  Hellenism  many  splendid 
thing!  were  produced,  and  (he  world  was  moulded  by  (be  teaching  which  went  oat 
from  Greek  lands.  If  this  teaching  diminished  in  quality,  it  certainly  increased 
greatly  in  influence,  and  led  its  higher  pupils  back  to  the  great  misten  <rf  ths 
earlier  age." 

435  pagta,  smaB  ffbo,  dolfu  net  $3.00.    Postp*U  $3.t7 
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RAILWAY  ORGANIZATION  AND  WORKING 


UCTURES  BY  PROMMEIIT  RAILWAY  MEN 


The  numerooB  aspects  of  the  nilway  service  which  it  tremti,  the  plain  ud 
DOii'technical  way  in  which  every  subject  is  handled,  the  fact  that  mare  than 
a  score  of  railway  experts  of  the  highest  reputation  have  collaborated  in  its 
production,  alt  combine  to  make  the  book  indispensable  to  the  ambitioua  yoong 
"railroader"  who  desires  to  make  sure  his  rise  in  the  service  by  establishing  It 
upon  as  broad  a  foundation  of  knowledge  as  possible. 

It  is  also  to  be  hoped  that  the  book,  and  others  of  its  kind  that  Duy  follow, 
'II  have  a  stimulating  effect  upon  the  teaching  of  railway  economics  in  our 
iversities.  The  study  of  this  volume  ought  certainly  to  give  the  student  ttt 
ilway  economics  a  more  vivid  appreciation  of  the  organization  he  atndiei. 
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MANUAL 
OF  STYLE 

Rule*  in   Force  at  the  UnWersily  of 
Chicago   Prut;   to  Which  Arc 
Appended  Specimen*  of 
Types   in   Use 
i3i»>»p««M,  lamo,  papM-,  net  socMta,  port- 
paid  53  ceita 

WHAT  GIFT 

WILL  ffi  L0N6ER  TREASURED  THAN 

/^NE  of  the  most  comprehensive 
\__y     works  on  typographical  style 
ever  published.    Though  pri- 
marily intended   for  local  use,  it  is 
believed  to  possess  elements  of  use- 
fulness for  wider  circles.      It  is  rec- 
ommended   to    publishers,    writers, 
proofreaders,  printers,  and  others  in- 
terested in  typography. 
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Will  You  Try  a  Fox  Typewriter 

A*     /*lv    Pvni>nc«>    1  in«W«d  the  Foi Type. 
r\%    L   tjf     C«A.|7dldC    writer  ud  maDufutnrc  it 

"  "    '  lo-day.     I  kDow  jatt  how 

good  it  ii.     I  know  thmt  il  is  ■  better  typewriter  than  anj  other 
typewriter  ever  built. 

1  know  other  typewriters  ol  all  kind*  and  I  know  (hat  the 
Fox  has  every  improvement  and  every  feature  that  any  of  them 
has — and  more.     1  want  to  place  a  Foi  in  your  oRice : 


and  have  you  compare  it  part  lor  part,  feature  for  fealute,  with 
any  other  typewril 

I  will  let  the  typewriter  tpeak  for  iticlf.    All  I  tay  about  it 
and  claim  for  it  will  be  demonstrated  by  the  machine  itself  more 
w.  ft.  piji.»Mid«iFo.Tn*wrtttrc<i.        convincingly  than  I  could  tell  it. 

Then  I  want  to  leave  the  deciiion  to  you.     II  jou       All  the  writing  on  the  Fox  Is  always  In  sight  and  dl-' 
til  then  I  will  either  sell  jou  one  direct  on  lavor-    nelly  in  ihe  line  ol  vision;  ihewrtling  line  is  Indicated 


able  terms,  or  my  nearew  representative  or  dealer  will  and  ihe  printing  point  Is  pointed  out  w>  tliw  Ibe  hi 

do  il  foT^e.     11  you  dready  have  a  machine  we  will  ]""  what  t  cUim.a  pertect  visible  .ypewrilvr. 

take  that  in  part  pavment  """   "ypebar  and   banger  are  Ihe  bean  ol  a  tjpe- 

.„„    v  „.    J    ■    ■    Ell          V                  t  ,           J  wriler.   Ibat  means  they  are  thi  most  vital   pan,  a 

All  yon  have  to  do  ulo  fill  out  the  coupon  below  «>d  ,^  t^t^bar  means  a  weak  typewriter.    Sho^Moe  a 

maU  h  to  me  KMUy.  ^p^G^-LaiJng  ilial  is  narrow   ud   has  no  wearing 

The  Test  or  Trial  Will  Not  Cost  •"'^.;  "M*  ""L,".'  '.« '  ."l^f  !r^„7^!!f  ' 

(ypewnier  will  not  retain  its  ajignment  ana  sooner  or 

You  a  Penny  ],,„  win  get  out  ol  order. 

On  the  Foi  the  bearing  is  wide  and  Ihe  b«i  heavy 
id  win  stand  yean  and  yean  ol  hard  work. 
Then  again  with  Ibe  Fox.  one  machine  b  equipped 

I  donotbelongtoanytrust  and  nobody  dictates  tbe  '"  ^°  '"  *^"''»  ol  work-leltet  wridog-invoiang- 

price  1  ihall  sell  at  or  how  I  shall  sell.  bilUng-i.bulal.ng  figures-Wencil  cutnug  and  heavy 

'   __      .          .      .         maniiolding,  anything  any  typewriter  can  do  Ihe  Foi 

^"**  *i2I  business.  ^^  dp    and  more 

I  sell  my  machine  strictly  on  its  merits,  not  lot  what  You  can  buy  one  machine  and  two  carriages  ol  dil- 
II  used  to  be.  but  lor  whal  ins  toKlay.  |e„ni  lengths  and  change  them  at  will. 

!l  is  no  joke  to  succesilally  sell  lypewrileis  in  com-  You  can  lift  the  platen  or  writing  cylinder  right  out 

pelldon  with  a  bigliusl.     My  machine  has  lobe  better  and  put  in  another  in  a  second.     You  can  write  in  two 

than  otheTT  (not  simply  as  good)  to  stand  a  chance  in  colon  and  you  do  not  have  to  touch  your  ribtian  Imm 

competition,    lljs  better.  the  time  you  put  li  on  the  machine  lill  it  is  worn  out. 

II  Ihe  machine  is  nol  as  good  aa  I  say  it  is  it  would  You  can  do  all  these  thingi  and  many  more  and  do 
have  been  impossible  lot  me  to  build  up  the  enormous  them  baler  Ihan  you  can  with  any  olher  typewriter, 
business  I  have,  because  to-day  I  am  selling  thousands  And  remember  this  is  the  machme  I  want  to  place 
ol  Foi  Typewriters — in  every  dviUsed  country  In  the  in  your  office  lor  trial  and  eiamin 
world.  Il  doesn't  cost  you  a  penny  to  tiy 
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The  BUMt  popular  peu  ate 

ESTERBROOKS 


Madi  in  ISO  Stvlii 


Fine  Points,  Ai,  128,  333 

Business,  048,  14,  130 

Broad  Points,  312,313,314 

Turned-up  Points,477 
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Estertinnk  Steel  Pen  Mfg.  Co. 

I.J.    j« joiui8t.,ir.T. 


Come  and  Go 

but  the  machine  that  alway 
stays,  always  leads,  alway 
improves,  always  outwear: 
and  always  outsells  all  other 
is  the 


REMINGTON 


Retningtoo  Typewriter  Compan 

(Ineorporatad) 
ir«w  York  and  Bverywhf  re 


The  University  of  Chicago  Press 


T".. 


boob  aai  periodlula  pabUahod  hf  Um  Uniranlty  of  ChlUKO  Ptom 


■out  apptopiUta  booka  to  Intoreated  ciutoBMra.  Onr  pnblicatloiia  an  «1m 
MpoclaUr  dealnbl*  (or  UbiailM  who  aim  to  aapplr  tbeir  patroiu  vith  tlu 
mm  torn  ctuient  book*  and  magailiiM.  Coninlt  ou  cataloKtwa  for  par- 
ticnUn,  or  write  to  altkar  otu  eaatcm  or  homt  ofico 

CHICAGO  and  156  Fifth  Avenue   NEIV  YORH 


HOMERIC     VOCABULARIBS 


Ino,P*PC 


ll  pluUKd  ID  Hid  tb*  K 

riBf  ai  M  roabiituy. 
ot  their  Inqucocy,  » i 


iKiiiTastnoFcuuairtEn  CMiMimmTOM 


Egyptian  Antiquities  In  tin  Pier  GollettI 
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SANTA  CLAU3 

Uses  the  No.  i3  Hodel 

Hammond  Typewriter 


Better  than  the  Best 

Easiest  operated 

Collision  of  type  impossible 

Alis^nment  perfect  and  permanent 

Uniform  impression 

Sigfht  of  writing  unobstructed 

Escapement  perfect 

and  tor  other  reasons 

which  we  will  explain  on 

application 

=  Hammond  Typewriter  Co. 

69th-7oth  Street,  East  River 

New  York,  N.  Y. 
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